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PREFACE 


The  aim  of  the  course  in  Elt'inciitary  Science  ns 
outlined  in  this  work  is  to  intnxhice  the  student  to  a 
series  of  oljservations  and  experiments  hy  which  he  mav 

therel)y 


I'come  ac(|uainted   with  the  hfeahoutl 


im  and 


leani    to   appreciate    the   nieaninof  of  tlie  strunirl,.s,  the 
successes,   and    the    faihucs    takinij  placo  in  connection 


with    th 


existence    of    plants   and    animals.     In   otl 


ler 


Avoi-ds,  the  coinse  here  raitlined  should  teach  the  student 
so  to  use  the  phenomena  of  nature  that  there  mav  be  a 


coi 


istantly    increasin*:-    and    bettt 


r    oriranized    body   of 


or 


conciete  data  which  shall  afteiuai-d  furnisli  the  basis  i 
abstract  tliou<iht,  such  data  neci'ssarily  incJudintj 
materials  which  relate  to  the  social  and  industrial 
cnvii.nments:  so  to  use  these  phenom.'ua  that  a  proper 
attitude  may  be  formed  and  a  irreater  efficie 
established  in  solviuir  the  C( 


nc 


lay  III 


If  tl 


lese 


educat 


loi 


)Mnnon  piohlems  of  theeveiy- 
lal  purposes  are  to  be  met  ii 


the    best  way,  the  ph<"nomena  selected  for  study  must 
luclude    those    which  contain  a  real  sii;-niHcance  to  the 
pupils,  an   int<'rest  in  what  things  are,  what    thvy 
doin^r,  ]„)w  this  is  beinjr  done,  and  how  all  this  at} 


the  other  nature  phenomena  and  the  interests  of 
Such  work  should  open  n-w  avenues  of  thouirht  to  tl 
student    and    should     temi     t< 


are 
ects 


man. 


le 


sym[)athy  with  the  life-l 


as  well  as  to  yive  1 
underlyincr    his   own    exist 
make  liim  oi)servant  and  sliould 
nijikinij  his  life  richei- 
useful. 


put    him    into    greater 

'orces  by  which  he  is  surrounded, 

lim  some  knowledu-e  of  the  principles 


fuce.        Above    all    it    should 
provide  the  means  for 


more  en|oyal)le,  and  hence  moi 


1  h 


IV 


PREFACE. 


Little  need  be  sjiifl  reorarding  the  method  of 
conducting  the  biologicjil  portion  outlined  in  this  text. 
Teachei-s  have  been  desiiing  information  along  the  lines 
of  Nature  topics.  Information  has,  therefore,  been  given 
a  large  place,  but  mere  information,  however  valuable  it 
may  otherwise  be,  will  never  cause  a  person  to  be  a 
farmer,  nor  incline  him  to  appreciate  a  life  in  the 
country.  To  counteract  the  side  of  information,  many 
suggestions  are  given  tending  to  lead  to  independent 
work.  The  student  is  encouraged  to  find  out  things  for 
himself  and  to  go  even  beyond  the  topics  of  the  book, 
should  the  occasion  warrant  him  so  to  do.  The  text  is 
both  a  teacher's  and  a  learner's  book.  The  teacher 
should  know  its  contents  so  that  due  emphasis  may  be 
given  the  various  topics  at  the  proper  time.  The 
student,  on  the  other  Jiand,  should  accept  the  text  as  his 
field-book ;  should  carry  it  about  with  him  and  should 
endeavour  to  see  what  the  authors  have  stated  may  be 
seen.  It  is  not  necessary,  neither  is  it  desirable  that  one 
topic  should  be  completed  before  a  second  is  introduced. 
In  other  words,  it  is  jjossible  for  the  student  to  carry  on 
his  observations  on  the  movements  of  the  heavenly 
bodies  while  awaiting  the  development  of  the  plant  or 
animal  life  he  may  be  studying.  This  is  life's  method  of 
study  ;  the  teachers  and  the  students  may  afterwards 
systematize  the  results. 

Animal  and  plant  biology  naturally  belong  to  the 
growing  season  and  should  then  be  studied.  This  does 
not  mean,  however,  that  the  teacher  and  the  students 
should  forget  that  life  exists  even  during  the  winter 
season. 


PREFACE.  V 

In'  the  months  of  January,  February  and  March, 
Astronomy  may  be  studied  with  the  greatest  convenience. 
The  Astronomy  given  is  of  the  simplest  character,  never- 
theless, it  is  the  very  kind  of  work  students  and 
teachers  are  perhaps  most  ignorant  of. 

The  chapters  on  Physical  Science  are  intended  to  be 
made  as  practical  as  possible,  in  order  to  provide  an 
introduction  to  manual  training,  give  some  knowledge 
of  the  principles  underlying  the  occurrence  of  many 
natural  phenomena,  and  supply  such  knowledge  of 
simple  mechanics  as  shall  enable  the  student  to  under- 
stand the  working  of  such  nuichines  as  may  be  found  on 
the  farm,  in  the  home,  and  elsewhere. 

The  whole  course  provides  a  good  foundation  for  the 
pursuit  of  scientific  and  mechanical  knowledge  should 
the  school  course  be  continued  ;  in  any  case,*it  should 
furnish  a  valuable  preparation  for  life,  be  this  life  spent 
on  the  farm,  in  the  shop,  in  business,  or  in  one  of  the 
so-called  learned  professions. 

In  order,  therefore,  that  the  best  results  may  be 
secured,  the  authors  wish  to  emphasize  the  importance 
of  having  the  student  make  his  own  observations, 
perform  his  own  experiments,  and,  in  many  cases  make 
hi8  oivn  apparatus.  If  a  saw,  a  hammer,  a  plane,  and  a 
few  gunlet  bits  be  added  to  the  school  e.iuipment 
notlnng  should  prevent  a  student  from  making  his  own 
levers,  wedges,  etc. 

Brandon,  June  20th,  1008. 
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THE  DANDELION. 

Animals  a- id  Plants.— Nature  is  divided  into  two 
kingdoms,  namely,  tlie  kingdom  of  living  things  and  the 
kingdom  of  dead  matter.  Living  things,  the  materials 
dealt  with  in  biology,  are  usually  classified  as  plants 
and  animals,  a  classification  readily  seen  when  an  onion 
and  a  horse  are  being  considered,  but  a  classification 
impossible  to  make  when  we  come  to  consider  the  lowest 
forms  of  life.  The  fact  is  that  these  forms  so  touch  and 
run  into  each  other  that  this  region  has  become  a  regular 
battle-ground  for  the  botanist  on  the  one  hand  claiming 
that  a  certain  form  is  undoubtedly  a  plant,  and  the 
zoologist  on  the  other,  claiming  just  as  emphatically  that 
the  same  form  is  assuredly  an  animal. 

When  men  who  have  made  a  serious  study  of  this  life- 
region  disagree,  it  is  needless  for  us  to  attempt  to  make 
a  definition  of  a  plant  that  will  not  include  some  animals 
and  of  an  animal  that  will  exclude  all  plants.  Let  us 
agree  with  our  opening  sentence  and  think  of  but  two 
kingdoms  in  nature,  onr  J  the  living  and  the  other  of 
the  dead.  With  this  short  account  of  the  relation  of 
animal  and  plant  life  to  each  other,  we  shall  now  consider 
the  hfe-history  of  a  plant,  and  the  plant  we  shall  select  is 
the  common  dandelion. 

The  dandelion  is  familiar  to  every  one.  It  is  abundant 
trom  the  time  of  the  disappearance  of  the  snow  in  the 
spring  until  the  time  the  snow  flies  again  in  the  fall 
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It  possesses  many  interesting^  adaptations.  It  is  further- 
more a  representative  of  the  hir<rest  family  of  plants 
growing  on  prairie  lands.  Finally,  the  student  who 
really  get^  ac(piainted  with  the  dandelion  will  need  no 
one  to  introduce  him  to  a  study  of  the  wheat-plant  or 
to  any  other  plant. 

The  Root.— Let  us  begin  our  study  of  this  wayside 
weed    by   selecting   a    thrifty   looking    dandelion    and 

attempting  to  pull  it  out  of  the 
ground  by  grasping  the  leaves. 
Our  success  or  failure  in  this 
experiment  will  teach  us  that 
the  dandelion  is  well  anchored 
to  the  soil.  Our  best  endeavor 
has  only  enabled  us  to  pull  up 
a  portion  of  the  root,  the  re- 
mainder is  still  left  in  the 
ground.  To  procure  the  whole 
root-system  as  it  is  calleil,  we 
shall  liave  to  dig  about  the  plant  and  lift  it  slowly  so 
that  few  of  the  root-fibres  may  be  broken.  Wash  off 
the  soil  adhering  to  the  root  and  suspend  the  whole 
plant  in  a  vessel  of  water  as  in  Fig.  1.  Such  a  plant  will 
live  for  several  weeks.  What  of  the  dandelion  pulled 
by  hand  ?     How  long  will  it  live  in  water  ? 

Anchorage. —The  above  experiment  has  shown  one 
purpose  of  the  root,  namely,  that  of  anchoring  the  plant. 
Why  is  this  necessary  ?  From  it  "e  liave  also  learned 
how  it  is  possible  for  so  small  a  plant  to  resist  such  a 
pull. 

We  have  likewise,  no  doubt,  been  a  little  surprised  that 
a  d  adelion  had  so  many  root-branches  and  that  some  of 
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these  went  so  deeply  into  the  jrround.  Examine  the 
root  carefully.  Note  the  lurcje  central  axis  and  the  main 
branch-roots.  Does  it  appear  that  the  dandelion-root 
wishes  to  go  deeply  into  the  ground  ?  Can  you  see  the 
advantage  of  this  ?  How  is  it  in  case  of  the  roots  of  the 
grassfis  ? 

Looking  at  the  plant  as  a  whole,  wouhl  it  be  safe  to 
say  that  the  dandelion  has  nia.le  a  fairly  successful 
attempt  to  possess  as  nu.ch  of  the  soil  as  possible  ? 

Storat?.-Digup  another  dandelion-root  and  cut  the 
central   axis   across.      Observe    that    the   main   root    is 
cylindrical,  that  it  is  more  or  less  fleshy  like  a  beet  or  a 
carrot  and  that  from  both  of  the  cut  surfaces  a  sticky 
bitter,  hquid  oozes  out.     Would  you  say  that  this  dande- 
hon-milk  IS  sap  ?     Name  other  plants  having  the  same 
peculiarity.     What  do  you  think  it  is  for  '     The  main 
root  shows  a  hard  central  cylinder  of  a  woody  natu're, 
and  a  soft  pulpy  nng  or  cortex  surrounding  this.     Find 
out  whether  the  main  branches  are  outgrowths  of  the 
central   cylinder   or    the    cortex    and    make   drawings 
showing  the  result  of  your  examination. 

All  plants  have  not  a  flesliy  root.  Why  should  the 
dan  ehon.  When  potatoes  are  planted  it  is  customary 
to  plant  a  section  of  a  potato,  in  other  wonls,  a  ;,o^a^o- 

vonld  ,      n"r  '^"'  ^^"'^''"P"'  "^"  '-^^  examination 

vould  leyeal  a  black  potato  section,  con.plete  as  to  shape 

but  wanting  ,n  substance.     In  fact  the  material  of  the 

pota  o  section  has  beeii  used  in  order  to  start  the  new 

plant.  ^.lay  not  the  fleshy  root  of  the  dandelion  have 

plant  at  critical  periods  of  its  existence.     Keeping  this 
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in  view,  make  a  note  of  tlie  firm,  fleshy  roots  of  all 
dandelions  just  beginning  to  flower.    Wlien  tlie  flowering 
stage  has  about  ended,  examine  the  roots  again.     You 
will  probably  find  soft  and  flabby  roots  with  but  little 
milky  juice  present.     It  seems  evident  that  the  store 
of  ground-food  put  away  by  the  dandelion  has   been 
drawn  upon  in  this  particular  instance  by  the  plant  in 
its  work   of  seed-making.     Seed-making,   if  you   will 
observe,  seems  to  be  a  severe  strain  upon  all   plants. 
But  this  is  not  all.     Can  you  explain  why  dandelions 
look  so  fresh  and  g  -en  when  most  other  plants  have 
withered  or  are  withering  from  want  of  rain  ?     May  not 
the   same    storehouse  help  to  tide  the  dandelion  over 
such  a  time  ?     People,  at  least  a  few  people,  believe  in 
putting  some  of  their  earnings  iu  the  savings  bank.     We 
commend  such  for  their  forethought.      Why  not  be  as 
generous  to  the  dandelion  ?     Has   not  this  plant  b^en 
toiling  away  in  the  good  weather  and  laying  by  extra 
provisions  for  a  timr>  of  scarcity  ?     May  we  not  also  say 
that  the  dandelion  uses  its  root  as  a  sort  of  underground 
storehouse  where  food  may  be  kept  out  of  the  reach  of 
animal  enemies  ? 

Soil  Food.— Look  again  at  the  plant  left  in  the  water. 
Can  you  find  out  the  total  length  of  its  roots  ?  How 
does  the  root  system  compare  with  the  part  above  the 
ground  ?  V/ould  it  be  safe  to  say  of  a  wheat  plant,  for 
example,  that  its  root  system  is  as  large  as  its  leaf  system  ? 
Following  the  branch-roots  to  their  ends,  notice  how 
delicate  the  small  end-roots  are.  Let  us  try  to  find  out 
what  this  means.  Pull  up  a  dandelion  and  let  the  plant 
lie  on  the  ground  for  a  few  hours.  The  plant  withers. 
The  root  must  be  getting  something  froiu  the  ground  to 
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prevent    this.     Has   the   dandelion    fii-st   placed    in   the 
water   with.Mvd  ?      Why   are   house    plants   frequently 
watered  ?     Why  do  fanners  wish  the  rain  to  come  af  - 
the   fields   J)ave    Ixjen   sown?      Why   do   farmers   wish 
occasional  rains  (hirin^r  the  growin^r  season  ?     father  a 
handful  or  two  of  green  grass  and  weigli  it.     Leave  the 
grass  in  the  hot  sun  for  a  few  hours  and  then  wei.rh  it 
again.     What  have  you  found  ?     What  is  the  expLa- 
tion?     Do  all  the.se  experiences  justify  us  in  niakin.r  a 
statement  to  the  effect  that  roots  are  orrjans  b^/ meava 
of  which  wafer  is  taken  into  the  j^hint  ?     It  would  r  eia 
so  since  plants  look  greener  and  fresher  in  wet  than  in 
dry  seasons  and  roots  appear  to  make  for  that  part  of 
the  ground  where  the  moister  soil  lies. 

Osmosis  and  Capillarity. -How  does  the  water  fret 
into  the  plant  ?  This  is  a  difficult  questi.^n  to  answer 
hut  you  may  easily  understand  the  main  features 
ot  the  proces.s.  Obtain  two  plates  of  window  <rla.ss  four 
by  five  inches.  On  une  place  half  a  dozen  "sheets  of 
blotting  paper  cut  a  little  smaller  than  the  size  of  the 
glass.  Cut  four  strips  of  wood  so  as  to  fit  the  glass 
just  outside  tlie  paper.  McM.sten  the  blotting  paper  well 
and  scatter  over  it  some  M-ell  soaked  seeds  of  wheat  or 
any  other  small  seeds.  Cover  the  box  with  the  other 
glass  side  and  the  germination-bed  is  complete. 

In  a  few  days,  if  the  conditions  of  germination  are 
good  you  will  observe  a  great  many  fuzzy  looking  hairs 
on  the  root  of  each  germinating  seed.  These  are  the 
root-hairs,  and  it  is  here  we  must  first  look  for  the 
method  by  which  water  enters  the  plant.  These  hairs 
are  i-erely  bags  of  a  living  liquid  called  protoplasm:  the 
wall  ox  the  bag  and  the  liquid  forming  what  is  known 
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as  tha  plant -cell.  Throujjh  the  veiy  tliiii  wall  the  water 
enters  by  a  process  called  osmosis.  'I'lie  result  of  this 
process  may  readily  be  seen  oy  taking  a  I'n-sh  vn^  nud 
preparing  it  as  follows: — Break  the  shell  at  one  end, and 
pick  it  bit  by  bit  from  the  delicate  membrane  Ijing 
beneath  it.  Now  break  a  small  liole  in  the  shell  of  the 
opposite  end  of  the  egj;  just  large  enough  to  admit  a  small 
glass  tube  r'cinent  the  lube  in  with  sealing  wax  or  para- 
ffin, and  pi..  the  cf^if  and  tube  in  a  small  gla.ss  of  water 
as  in  Fig.  2.  Pierce  the  egg-membrane 
at  the  bottom  of  the  glass  tube  by 
inserting  a  liat  pin.  In  a  few  minutes 
the  contents  of  the  e(r<r  will  be  seen 
to  rise  in  the  tube,  and  the  water  in 
tlie  tund)ler  will  lower  a  little  and 
may  change  very  slightly  in  color.  In 
some  m3-sterious  manner  the  water 
has  entered  the  egg  and  some  of  the 
e^Lf  has  entered  the  water.  There 
ha-  been  an  exchange  of  li(}uids  but 
not  an  even  exchange,  for  the  tube 
win  .show  that  more  has  entered  than 
has  left  the  egg.  What  has  happened 
Fio.    2.— (3)  Glass      is   simply    this :    we   have   separated   a 

tube.      (2)  Egif-         J  .•        •  1      ii  .       •    1      c 

(3)  Paraffin.    (4)      dense   lujuid,   the   egg-niaterial    trom   a 
Chipped  lower      lyvjv^  densc  Hquid,  the  water  by  a  porous 

end.    (b)  Tumbler  .         ,  ',  . ,         •  ,  •     •  ^ 

contaiiiins  water.  annual  membrane,  the  inner  linuig  or 
the  egg,  and  the  result  observed  has 
followed.  Applying  what  wo  have  seen  to  the  piant-cell 
we  have  the  ver}'  same  conditions :  a  denser  protoplasm 
in  the  cell,  and  water  containing  a  very  small  amount 
of  mineral  matei'ial  in  the  soil.     These  are  separated  by 


^n^.  a. -(a)  Inner  plant-cells. 
(.b)  Koot-hairg.  (<•)  soil- 
particle. 
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a  vegetable  n.o,nbra»e.   namely,   the    wall   of   the  cell 
Move  Injuid  enters  than  leaves  the  p..|1    f)  ,'   , 

t».at  the  cell  wall  i«  stretched  I  ,'  ''""'^  '"'"^' 

-ter  that  has  enter  ^  A  ,^  a-.nn.o.late  tJ.e  extra 
cell  .within,  the  cell  ,  '.f  kI.''^^  ^^'"  '^  '^'-»'-'^'  ^f  tl- 
we  have  a^^ain  a  den.ser  iiffui.!' 
tlie  lujuid  of  a  separated  fnau' 
H  less  den.se  liquid,  that  of  b  by 
a  iwrous  wall  or  d„„ble  wal| 
The  result  is  a  second  e.xchan.re 

and  so  the  water  with  its  nn-neral 

matter  or  rli.ssohed  salts  n.oves 

«lowly  inward    until   it  reaches 

the  many  long  tubes  of  which 

plants  are  largely  composed,  an<l 

which  may  be   seen   by  cuttincr 

across  any  piece  of  w  .od  and^xamining  the  cut  ends 

Before  explaining  the  process  of  capillarity  we  sLld 
.  y  son.et  nng  about  the  intin.ate  contact  of  the    c^ 

In  the  same  way  trJe^hu,,  '."^"^' ^'^"•>' '^-'-' t'.is  ? 

11  "^    ine.se   Juurs  are  ni  contaef  ^iJfl.  n 

tbe.se  particlo.s.  "^   ''^^"''  •'^"^rounding 

We  have  mentione<l  that  plants  have  tube,  and  tl    f 
the  sud  water  orni-iirK  •        •  """«,  an,i  that 

laritv      rTl      .  "'''^  """"  "'  ^'"'^^  t*^J>^'«  l>y  ca,.il- 

ianty.      Coal   od    nses   in   the    lan.pwick    because   ul 


4ca.  #  Ji'jiEs; :::»  *=■ 


ten* I-  ""iaef9.s»:=»2w  ii-Ji Jw'^ac^.i Jiss 
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lampwick  is  composed  of  tubes.  If  the  end  of  a  towel 
dip  into  the  water  of  a  basin,  some  of  the  water  will 
rise  in  the  towel.  If  a  glass  tube  be  held  in  a  flame 
until  the  glass  softens,  a  long  fine  tube  may  be  drawn 
out.  If  the  end  of  such  a  tube  be  placed  in  ink  the 
ink  will  rise  much  higher  in  the  tube  than  in  the  ink 
bottle.  All  these  are  but  instances  of  what  we  called 
capillaritj%  so  that  we  may  say  that  water  rises  in  a 
plant  partly  by  this  process.  To  see  just  where  this 
takes  place  dip  a  twig  of  maple  into  a  bottle  of  red  ink 
and  leave  it  for  a  few  hours.  If  the  end  of  the  twig  be 
cut  under  water  and  quickly  placed  in  the  ink,  air  will 
be  prevented  from  getting  into  the  tubes  and  thus 
interfering  with  the  rise  of  the  ink.  Beginning  at  the 
end,  cut  off  section  after  section  and  show  by  means  of 
a  diagram  the  region  through  which  the  ink  rises. 

By  these  two  processes,  that  is,  by  osmosis  and 
capillarity,  liquids  enter  and  rise  through  plants.  But 
osmosis  and  capillarity  are  not  all  the  processes  controlling 
the  water  supply  of  plants.  These  will,  however,  help 
the  student  to  appreciate  the  complexity  of  such  an 
apparently  simple  thing  as  a  conunon  dandelion.  The 
root  of  the  dandelion  has  therefore  three  important 
functions,  namely,  to  anchor  the  plant  in  the  ground ; 
to  serve  as  a  storehouse  of  the  surplus  food  and  to 
gather  water  and  mineral  salts  from  the  soil.  In  con- 
nection with  the  last  of  these,  ycu  may  easily  understand 
why  farmers  have  to  add  fertilizers  to  the  soil  and  why 
it  is  possible  to  let  soil  run  out  and  become  barren. 

Root-cap.— There  is  still  another  feature  in  connection 
with  the  roots  of  the  dandelion,  and  of  roots  in  general 
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tluit  we  sliould  recognize.     Roots   have   to  force   tlioir 

way  tliron<rli  the  soil.     Such  work  iiuist  be  wearing  on 

the   root-ends.     To   jruard   aj^ainst  tliis  eacli 

root-end   is  provided   witli  a  sort  of  tliinil)le 

or    root-cap,   which    is   continually   renewed 

behind    so   that    it    never   wears   out.     Tliis 

cap  may  l)e  seen  with  an  ordinary  ma<,"iifyinf' 

glass  at  the  end  of  the  roots  of  tlie  speciniens 

in   your   germination-box.     It   appears  as  a 

den.ser  jmrt  just  a  little  back  of  the  root-tip. 

Fig.  4,  a. 

Your  examination  of  the  root-system  will  also  likely 
reveal  the  fact  that  some  of  the  root-Hbres  have  been 
bent.  They  show  signs  of  having  met  some  obstacle 
they  could  not  penetrate.  You  liave  .seen  the  ends  of 
twining  plants  reaching  out  for  something  to  cling  to. 
Why  should  not  root-ends  do  the  very  sanTe  thing  il  by 
so  doing  they  can  get  around  any  sticks  or  "stones 
found  in  their  way  ? 

As  water  is  so  important  to  the  well-being  of  plants 
and  as  the  soil  is  the  usual  medium  supplying  this  water 
it  is  well  to  know  at  this  2>oint 
whether  the  various  soils  of  the 
locality  are  ecpially  valuable  in  the 
matter  of  retaining  moist\ire.  To 
help  you  to  decide  this  for  your- 
self put  eijual  weights  of  dried  leaf 
mold,  sand,  clay,  gravel,  loam,  etc., 
into  separate  sealers.  Add  to  each 
the  same  weight  of  water,  and  allow 
sufficient  time  for  the  soil  to  become 

Fio.    !).  -  What  kirxl   of       „    i.  .      i  t  ^      .y  • 

Boii  retains  water  he«t y     saturateu.      Invert    the    iars    as    in 
a  =  soil.  *' 
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Fig.  5.  The  water  retained  constituces  the  water  supply- 
that  plants  could  depend  upon  from  such  soil.  What 
have  you  found  this  to  ^K^  ? 

Leaves. — If  the  root  of  tlie  dandelion  has  so  many 
interestinir  featui-es  the  rosette  of  leaves  nuist  also  have 
a  few.  Select  some  particular  dandelion  and  keep  it 
stripped  of  its  leaves.  If  this  be  carried  on  long  enough, 
the  plant  may  be  destroyed.  Surely  the  leaves  of  a  plant 
must  then  have  something  to  do  with  the  plant's  well 
being  ?  What  this  is  we  sliall  learn  later.  At  present 
we  sliall  select  a  dandelion  with  a  great  mass  of  lea\es. 
Lifting  these  we  shall  tind  that  the  ground  beneath  the 
plant  is  bare ;  that  it  is  likely  wet  and  that  there  are 
quite  a  few  dead  and  rotting  leaves  beneath  the  rosette. 
What  is  the  explanation  of  tliese  three  facts  ?  The  first 
is  readily  answered.  The  big  leaves  have  smothered  out 
the  srrass.  The  same  result  would  have  followed  the 
placing  of  a  board  on  the  grass,  and  the  presence  (jf  high 
weeds  in  a  wheat  field  may  result  in  a  similar  smothering 
of  the  wheat  plants  growing  in  the  shade  of  the  weeds. 

Light  Relations. — Stand  so  that  the  eye  may  take  in 
the  whole  dandelion  rosette.  Count  the  leaves  when 
in  this  position.  Count  the  1  ivt-s  again  one  by  one, 
compare  the  two  results  and  account  for  the  reason  why 
the  dantfelion  seenis  so  careful  in  placing  its  leaves.  Find 
if  other  plants  exercise  the  same  care.  Why  do  plants  as 
a  rule  face  the  suti  i  Look  about  and  see  if  a  dandelion 
catniotbe  found  trying  to  get  from  behind  some  obstruc- 
tion so  that  it  may  In;  placed  in  better  relations  with  the 
sun.  May  we  not  make  the  statement  that  phmts  place 
their  leaves  so  as  to  get  the  full  benefit  of  the  sun  and 
perhaps  of    the   air  ?     Does   the   rosette  haijit   of    the 
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dandelion   seem   to  meet   all    the   needs   of   these    two 
relations  ? 

Capillarity  of  the  Soil- — ^We  also  found  that  the 
ground  beneath  the  rosette  of  the  dandelion  was  (|uite 
moist.  What  is  the  explanation  of  this  ?  Place  a  lx>ard 
on  the  dry  ground  and  lift  it  in  a  few  days.  The  iji'ound 
beneath  the  bcjard  is  no  lon^jer  dry.  What  is  soil  but  a 
mass  of  very  tine  jjarticle?--  of  clay,  sand,  etc.  These 
particles  make  a  host  of  v^ry  irregular  capillary  tubes 
up  which  the  I'^-'er  ground  water  is  rising.  Without  the 
board  or  leaf  erings  this  water  would  evaporate  just 
as  rapidly  as  it  reached  the  sui'I'ace  of  the  ground. 
The  dandelion  niajs  therefore,  be  said  to  conserve  the 
ground  water  for  its  own  use,  surely  no  small  matter  to 
a  plant. 

Self-pruning. — The  dea<l  leaves  already  observed  are 
not  simply  the  leaves  of  last  year.  There  may  be  some 
of  these  present,  but  the  remaining  leaves  have  probably 
been  of  service  to  the  dandelion  not  later  than  a  few 
weeks  before.  Would  you  expect  these  leaves  to  be  the 
oldest  or  the  youngest  leaves  of  the  plant  i  Which 
would  you  expect  to  be  of  the  greatest  service  to  the 
plant,  the  fx'esh,  young  leaves,  or  the  old  ones,  stift'with 
age  and  likely  filled  up  with  material  that  came  up  in 
the  sap  but  wiv  of  no  use  to  the  plant  ?  Which  should 
be  of  greater  service,  the  young  leaves,  free  from  dust  or 
the  older  leaves  all  dust-laden  and  probably  battered 
by  the  feet  of  cows  and  horses.  ])o  you  see  why  the 
dandelion  should,  after  a  time,  shade  these  leaves  and 
lop  them  off?  This  is  the  way  plants  prune  away 
worthless  linibs  and  loaves.     Can  you  .sec  how  the  ilead 
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leaves  may  afterwards  be  of  some  value  to  the  soil,  and 
consequently  to  the  vegetation  growing  in  that  soil  J 

Leaf-mechani?m.— Now  examine  a  dandelion  leaf.     If 
all  leaves  grow   on   a   stem,  what   kind  of  stem  has  a 
dandelion  ?     Show  in  what  particulars  such  a  stem  may 
be  a  good  thing  for  this  plant.     Note  among  tliese  the 
way  dandelions  can  dodge   the  lawn   mower,  and  also 
how  they  may  escape    being   eaten   by    herbage-loving 
animals.     The    leaf   is   a   thin,   expanded,   green   organ 
connected  by  a  sort  of  stalk  to  the  stem  of  the  plant. 
The  expanded  part  is  called  the  blade,  and  the  blade  is 
divided    by   a    heavy   centre    line,   the   mid-rib,  into  a 
right  and  a  left  part.      The   stalk  is  called  the  jtctiole 
and  the  blade  and  petiole   usually  constitute   the   leaf. 
From    the   mid-rib  you    will   see   many   side   branches 
extending  almost  to  the  leaf  edge.     These  are  the  larger 
leaf  veins.     Hold  the  leaf  up  to  the  light  and  observe 
how  the  veins  divide  and  subdivide  until  a  perfect  net- 
work is  formed.     What  is  one  purpose  of  the  veins  of 
a  leaf  ?     Has  the  form  of  the  leaf  anything  to  do  with 
the   arrangement   of   the    main    veins?      Look   at   the 
peculiar  lobes  at  t!ie  margin.     Can  you  point  out  the 
advantage  of  having   such    lobes?     Do   they    lu'lp   the 
plant  in  the  matter  of  securing  better  light  ?     May  they 
not  be   helpful  to  dandelions   grovving   in   long   grass? 
Notice  the  upper  and   lower   surfaces   of   the  mid-rib. 
Can  you  see  any  reasons  for  the  hollow  in  the  upper 
surface  and  the  projection  in  the  lower?     Observe  that 
tlie  leaves  of  the  dandelion  are  so  placed  that  they  form 
a  system  of  water-troughs  or  gutters  for  collecting  the 
dew  and  tlm  rain  and  directing  th.sc  to  the  main  root. 
Point  out  some  of  the  advantages  of  this  arrangement. 
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Cut  the  petiole  across  noivr  the  end  and  examine  the  cut 
surface.  .  You  will  notice,  perliaps,  tliree  features ;  you 
will  see  that  the  milky  licjuid  observed  in  the  root  is 
also  pix'sent  here,  that  the  stalk  is  hollow  and  that  the 
form  of  the  stalk  is  somewhat  curved.  Suck  the  end  of 
the  stalk  in  order  to  clear  away  the  milky  li(|uid.  Do 
not  be  afraid  that  this  will  poison  you ;  remendier  that 
the  dandelion  has  lonj;  been  of  service  as  a  medicinal 
plant  of  remarkable  excellence.  Look  again  at  the  cut 
surface  with  iv  aiagnifyinjj^  glass.  You  will  see  something 
like  the  ends  of  green  rods  so  arranged  as  to  form  the 
3urved  shape  already  noticed  in  the  stalk  and  the  mid- 
rib. Procure  a  plantain  or  bird-seed  plant  and  pull  off 
one  of  the  large  leaves.  The  plantain  rods  are  easily 
pulled  out.  The}'  are  woody  in  character  and  are  filled 
with  tubes  through  which  the  crude  sap  or  water  from 
the  root  reaches  the  leaves.  Allow  a  few  cut  dandelion 
leaves,  or  other  leaves,  to  stand  in  a  little  red  ink.  In  a 
few  hours  the  ink  may  be  .seen  in  the  veins  of  the  leaf. 
The  hollow  noticed  suggests  an  air-space  and  further- 
more hints  that  air  may  be  as  necessary  to  plants 
as  it  is  to  animals.  We  may  wish  to  learn  to  what 
extent  air  is  found  in  the  body  of  a  plant.  vVc'! 
shall,  therefore,  innncrse  a  fresh  dandelion  leaf  in  hot 
water  and  observe  the  numbci-  of  air  bubbles  that  appear 
on  both  the  upper  and  lower  loaf-surfaces.  Are  there 
more  of  these  on  the  uppei-  than  on  the  lower  surface  ! 
Do  you  know  why  tiif  he.'itetl  water  caused  the  air 
bubbles  to  appear  ^  Do  you  think  a  hot  day  would  have 
the  same  effect  ^  Do  you  tip  '  we  tire  justified  in 
concluding  tliat  air  nnist    Ik-  '  \  by  plants   f  >r  if  not 

how  are  we  to  account  for  it.     ..  ^undante  in  the  very 
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material  of  the  leaves  i  Tear  a  leaf  across  and  examine 
tile  torn  edcre.  You  will  find  a  very  delicate  skin  or 
outer  layer  which  must  be  for  the  protection  of  the  soft, 
spongy,  green  lookintr  mat-  Hal  within  the  leaf  proper. 
Were  a  portion  of  this  delieate  skin  placed  under  the 
large  microscope  it  would  look  something  like   Fig.    G. 

The  leaf-surface  is  jjierced  by 
numerous  i)eculiar  pores  or 
mouths,  to  which  the  name 
stomaia  has  been  given.  Each 
stoma  or  mouth  shows  tv.o 
fl^\^**'^M''V^%^m?v     ^   crescent  shaped  cells  in  contact 

at  the  ends  and  leaving  between 
them  the  opening  referi-ed  to. 
T'lere  are  more  of  these  mouths 
on  the  lower  than  on  the  upper 
side  of  the  leaf,  because  the  latter  surface,  being  exposed 
lo  the  weather,  must  luive  its  epidermis  thickened  and 
toughened  .so  nuich  that  flexibility  would  be  wanting 
in  the  opening  and  closing  of  the  stomata.  Again,  the 
upper  surface  is  moi-e  likely  to  become  more  du.st  laden 
than  the  lower  surface.  How  would  this  interfere  with 
the  stomata  i 

Starch-making.  -What  is  done  with  the  air  taken  in 
by  the  leaves?  Mv  contains  an  important  plant  food, 
carl)on  dioxide.  To  get  this,  leaves  must  be  placed  so  as 
to  connnand  the  air  as  well  as  the  sun.  A  leaf  is  really 
a  small  factory  where  the  carbon  dioxide  of  the  air,  the 
mineral  matter  of  the  ground,  and  a  portion  of  tin;  water 
conveyed  by  the  roots,  are  united  chemically  into  a  sub- 
st^ince  called  ,s-/,.;v7/,     Plants  and  plants  alone  seem  abh 


ijie 


to  make  starch.    Starch  is  made  only  during  the  sunlight 
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and  chis  is  one  reason  why  plants  are  so  careful  in 
placini^  their  loaves  where  they  can  get  the  full  benetio 
of  the  light  of  the  sun.  Plants,  however,  re(iuire  some- 
thing else  to  help  in  the  starch-making  process.  This 
something  else  is  the  green  coloring  matter  of  tl\e  leaf, 
namely,  cJdorophyll,  that  is,  green-leaf.  Place  a  board 
over  green  grass  and  you  will  bleach  the  grass.  Remove 
the  board  and  the  chlorophyll  will  soon  show  itself. 
Boil  a  dandelion  leaf  for  a  few  minutes  to  soften  its 
substance,  then  place  it  in  a  small  (piantity  of  methylated 
spirits  or  alcohol.  The  green  coloring  nuitter  will  color 
the  alcohol  and  the  leaf  will  be  bleached.  The  starch- 
making  process  is  a  very  complex  process,  but  the  facts 
are  given  as  above. 

Plants  and  Oxygen. — Besides  having  to  make  starch, 
plants  also  are  oxygen  makers,  oxygen  being  given  out 
by  the  stomata  in  the  day  time,  so  that  plants  take  one 
gas  from  the  air,  a  gas  we  give  otf  in  breathing,  and 
return  another  gas,  a  gas  we  require  to  purify  our 
blood  and  keep  our  bodies  in  a  healthful  condition. 
But  how  do  we  know  that  oxygen  is  given  out  by 
plants  and  carbon  dioxide  taken  in  ?  Have  you  ever 
examined  the  green  scmn  often  seen  on  the  surface  of 
stagnant  waters  in  tire  summer  time  ?  Should  you  stir 
this  scum  you  will  notice  a  great  many  bubljles  of  gas 
adhering  to  it  and  helping  to  float  it.  Get  a  test  tube  of 
this  gas  and  test  it  for  oxygen.  Your  teacher  will  help 
you  to  do  both  these  problems. 

Another  experiment  easily  made  consists  of  taking  a 
few  fre.sh  grocn  leaves,  |)lacing  ihem  un<]er  water,  and 
exposing  the  whole  to  the  sunlight.      Bubbles  of  oxygen 
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soon  appear  on  the  leaf  er'.es.     To  prove  that  the  sun- 

ght  as  essential  in  this  oxy.en-n.aking  process,  cover 

he  vessel  w.th  a  piece  of   black   clothrJr  shad     it  L 

some  njanner,  when  it  M-ill  be  found  that  the  bubbles  of 

gas  will  cease  to  form.     To  canv  n„f  i^  ■ 

I.     ao  cany  out  this  expernnent 

2  more  fully,  place  the  funnel  a,  Fig.  7, 

==-• -^    °''^''    ■■*    "'i»t    plant    anchored   in  a 

«^-'        -         suitable   vessel   of   water.      Over  the 

,.a  funnel   place   a    test   tube,  b,  full   of 

water.      Place  the  whole  in  the  bright 

sunlight   and    test   the    gas   collected 

for  oxygen. 

If  plants  aie  oxy};ei,-„iakers  would 
yo„   co„„W«.-  the.    ,,laei„g  of    pai-ks 

the   health'  of   the'eitjT    ''"'""     "^     ""•"'""'     '» 

Plant,  and  Carbon  dioxide.-Pla„ta  are  also  carbon 
d,o.,cleu,era     Pl,„e  a  .s^Hnter  of  wood  in  a  testhZ 
and  heat  the  tnbe.     The  .splinter  blacken.,,  rf,o  Jl  tit 
presence  of  charcoal.     Charcoal  i,  carbon,    nd  clZn 
a  constituent  of  the  gas  carlx,n  dioxide.     Where  dM    I  e 
P la.,   get  this  carlx,„  .     We  „.ay  answer  this  Z  leve 
»..}  .     Pu-ch,«e,  or  prepare  son.e  plant  food.     Add  a 
s  ..all  ,,„a„  ,ty,  say  a  half  .ea„,»«,nf„l,  of  this  to  a  ,,„arl 
of  soft  water.  „r  Wtte,-,  to  distille,!  water,  and  gr'wa 
.landehon  ,n  the  li,,„id.     Plant  foo.l  does  not  contain 
a..y  carton,  a„d  yet  the  dandelion  stores  up  ^Tnl 
fact  that  n.ay  ..adily  ,,e  proved  in  a  similar  way  to   Lc 
exp,r,n,e„    w,th  the  bit  of  w«xi.     There  is  no  placet 
look  to,.  U,„  carbon  but  the  air     Again,  place'a  mint 
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plant  in  a  bottle  as  in  Fig.  8.     Force  air  that  has  been 

kept  for  a  considerable  time  in  the  lungs 

into  the  Ixjttle,  and  set  the  wliole  in  the 

8U!ilight  from  morning  to  evening.     A 

bottle  tilled  with  such  e.xpired  air  as  we 

have    described     will     not   support   the 

combustion  of  a  sj)linter  of  wood  <niite     [^^ 

as  well  as  ordinary  air,  and  the  air  of     ^^ 

the  bottle  in  which  the  ])Iaiit  was  placed 

will,  in  the  evening,  show  signs  of  being  nmch  richer  in 

oxygen   than   it  was  in   the  morning,  a  proof  that  the 

plant  has  taken  av.-ay  s(jme  of  the  carbon  dioxide  which 

is  always  present  in  expired  air,  and  has  replaced  it  by 

oxygen.     If  this  test  with  the  Hame  had  been  delayed 

until  the  next  morning  would  the  same  result  follow  ? 

Starch  and  Sugar. — All  day  long  during  the  growing 
season  our  dandelion  is  busily  engaged  making  starch 
and  either  using  it  to  build  it.self  up,  or  else  storing  it 
underground,  away  from  the  reach  of  any  animals  that 
might  use  it.  Starch,  however,  is  not  a  soluble  substance 
like  sugar  or  salt.  How  can  the  dandelion,  or  any  other 
plant  get  this  starch  away  from  the  place  where  it  is 
formed  ?  A  potato  is  largely  starch,  but  have  yon  taken 
notice  that  when  you  put  a  bit  of  cooked  potato  in  your 
mouth  it  tastes  sweet.  Your  physiology  accounts  for 
this  by  pointing  t<i  ferments  in  the  saliva.  Why  should 
not  plants  have  ferments  just  as  well  ?  They  have,  and 
here  the  explanation  of  the  removal  of  the  starch  comes 
in.  During  the  night  the  starch  is  acted  upon  by 
certain  plant  ferments  and  ch-mged  to  sugar,  a  soluble 
substance.  The  sugar  is  then  removed  from  the  region 
of  the  leaf  and  taken  to  any  place  in  the  plant  wliere 
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''uiMini,' and  repairi..;.  aro  .roi,,.'  „„    or  .>!.,.  i     n 

co,„l,n,o.s  with  the  ..,„■}.,„    „,,.te  „t   th/£, 
da„.k.h„„  ,,„,,.,,  ,,,  „„.„  .^^  -      .  tl 

a ..  place  ,„„,,„  the  ...hvht  h„„;:,  tt    r:; 

this  fpts  may    „.,t    he    „h»er«,l.     At    ni..|„\vl        '„ 

^t,u.h  cea.,e,  t„   ,«..  ^^  the   .„!„:'    Jr   "^^ 

ke  a  ,„„„,„  he  n,  h,  .,,  fa,-  as  the  i„»„i,.a,i„„  ,„":;: 
"^'C   the   ex,„,,,t,„„   „f  earh„„    ,hoxid„   are   co.icerne, 

":;;  ;"c  r;  "■";  '■!■"■"  ^ "■"-  «^-  -'  -^ 

nttinjtja.,  a  holl-jar  is  a  f-wl  thhi.'.     Vasehn,.  th.   i 

:  ::'th;,!,:t;''' "-  ""■? '"  ■"-^' '-  -  '!"•  >":  : 

'neauiing   Jike   an   annua  .      In    the    t-u-Ur   ,.    .   • 

»piinte..«„„,e  „,„  ,,.,,„,  t,,e  pJ:L:^^„,: ,'::,; 

.•.n-h„„  ,I,„x„le.     If  this  is  the  ease  what  hav     "        „ 
ny  ....».„„.  the  ,,;„ein,.  „f  ,,la,„s  i„  a  sleepi,  ,/,"„: 
Ho,v  ,s  ,t  ,„  the  ease  „f  sleeping  i„  the  lorest  ^    " 

Transpiration-There    is    still    anoth,.-    feature    i„ 
«nn.et,,,,,    „.,th    the    leaf   that    sh„„l,,    he   ,„.     i  „ed 
Ma   ts  take  „,  a  ffreat  ,leal  „f  water  hy  „„,,„»  „f  their 

simply     >l,e     ,„e„,„     |„.     „.,„■,.,,    .,,_    „,„„,,,  ^ 

«.„,„„l-„ater  is  sec„i,,l   f.,r  the  p ,.     Ji,  [^/^l!;^ 
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cortfiin  iiiiiieral  salts,  some  of  which  jin-  of  use  to  the 
plant,  Jiiid  .some  of  nou.so,are(lis.solvfil.     These  ultiiiiatt'ly 
reacli  the  leaves  where  the   vahiahl.'  iniiicral  salts  are 
chan<;('(i  to  proper  plant  food  and  used  h\  tlie  plant.     It 
will   be   readily  seen   therefore,  that  much   more  water 
reaches  the  leaves  than  is  needed  hy  the  plant  for  the 
purposes    of   growth.     Somethint,'   nuist    be   done    with 
the    excess.     Leave.s,    Ijesides    attendin<,'    to    the    many 
wonderful  activities  already  referred  to  have  also  to  look 
after  the  work  of  ic-movincr  the  surplus  water  absorbed 
by  the  root  and  transmitted  to  the  leaves.     The  pr,jcess 
by  means  of  which  this  is  ettectecl  is  called  travspiratum, 
a  proce.ss  somewhat  similar    to    the    human   proce.ss  of 
perspiration.     How  and  where  does  transpii-ation  take 
place  ?     Where  should  it  take   i)lace  but  in  the  leaves. 
Look  at  the  inunense  area  of  the  leaves  of  even  .so  lowly 
a  plant  as  the  dandelion.     Ht)W  many  Sipiare  yards  of 
leaf-surface  do  you  sui)i)ose  the  wheat  plants  on  a  sincjle 
acre  cover?     Of  what  value  is  so  ijreat  an  area  to  the 
process  of  transpiration  '.     Look  auain  at  the  thin  leaves. 
How  may  this  aid?     Finally,  think  of  the  thousands 
and  thousands  of  stomata  on  a  siii<rle  leaf-surface,  and 
the  channels  connectinjjr  these  mouths  with  the  interior  of 
the  leaf.     Could  there  be  any  more  perfect  mechanism 
for  the  removal  of  the  water  ?     It  is  indeed  so  admiiable 
that  plants  have  to  i,niard  atrainst  too  j,'reat  a  loss  of 
water,  and  in  this  some  plants  faie  better  than  others. 
Have  you  ever  .seen  leaves  droop  on  a  hot  sunmier  d.iv  ? 
Do  you  know  the  cause  of  this?     Do  you  know  wliy 
such  leaves  lift  up  n^^iun  in  the  evenini,^  ?     Could  you  see 
the  ijuard  ceils  as   they  are  called  of  the  stomata,  in 
other  words,   the  crescent-s'.aped  r  -Us,  Y'v^.  (i  («),  you 
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"i;:';;Vtiir:;r;;!;:::;r::;:rv..:!r 

•-supply  a  wl.eaf  HeM   of  t.n  acres  d„H.        i  ' 

■season  of  the  wheat  ^     It   L  T  "  ^'''  ^''■"^^'"•»' 

oak  tree  i„  full  I.,  f '  '"  •'stunat,-.!   that  an 

season.     If  this  ann.....  "  '"  ^'"'^"-o^vin- 

the  temperature  of  t.,o  p,,„,t,  ,„,.„  C;  r,:!;:^' 
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otherwise   w.mld   h>.     Another  experiment  illustrating 

the   loss   of   water   by    leaves  shouM    be   made.     Place 

several  leaves  in  water  as  in  Fijr.  9,  first  sticking  the 

stalk-parts  through  the  hole  in  the 

cardboard   (a).     Cover   the    leaves 

with  a  tumbler  and  set  the  wliole 

apparatus  in  the  sunlight.     After 

a  time  observe  the  bedewtMl  inner 

surface  of  the  ujtpor  tumbler  and 

account  for  it.     If  plants  require 

so  much  water,  there  is  no  wonder 

that  farmers  are  so  an.xious  that 

.sea.sonable     rains      should     occur 


during   the    growing    season, 


and 


Km.  9. 


that  an  attempt  shoul.l  be  made  to  obtain  two  sea.son's 
r:^:nfall  f<.r  a  Held  of  wheat.  Do  you  know  how  this 
is  effected  ? 

We  have  now  found  that  the  leaves  of  the  dandelion 
are  organs  by  means  of  which  starcli  is  made,  the  excess 
of  water  removed  and  breathing  effected.     We  have  also 
learned  that  the  leaves  of  the  dandelion  are  so  arranged 
as  to  get  the  full  benefit  of   the  sunlight  and  the  air 
AU>  have  likewise  seen  how  the  leaves  are  made  to  .serve 
tlie  purpose  of  water  troughs  for  the  rain  and  the  dew 
The  dandelion  rosette  furthermore  covers   the   cr.-ound 
thus    con.serving  the  gronu.l  water  and  .smotherfng  the' 
leaves  and  eventually  killing  such  plants  as  may  come 
into  competition  with  it.     We  have  seen,  in  a  word   the 
selfi.sh  side  of  the  .landelion,  or  the  dandelion  working 
by  means  of  root  and  leaf  for  its  own  well  beinr^.     ^^^ 
shall  now  consider  this  plant  in  the  work  of  reprodliction 
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tliiit  is,  us  piodnciiii;-  iind    ])rovi(lini4    I'ur  its  miiiiorou.s 
otfsprinir,  the  seeds. 

The  Flower.— After  the  dandelion  lias  secured  a  firm 
«;rij)  of  the  soil,  lias  developed  a  goodly  sized  rosette  of 
leaves  and  has  stored  up  a   bountiful   suppl\'  of  phmt 
food  in  its  thick  tap  root,  e\  idences  of  llower-forniation 
may   now   be  seen   jit  any  time.     The  first  sign  of  tlie 
flower  is  seen   in    the   appeaiance  of  a  few  tiny,  green 
flower    buds,    carefully    guarded    at    the    centre'  of   the 
ros(!tte  l)y  the  yoinigest  leaves  of  the  dandelion.     In  a 
few  days  these  buds  will  have  so  increased  in  size  that 
an  examination  of  tlicm  may  ensily  be  made.     Opening 
the  green   leaves    of    the   l)ud,    the   centre  <lisclo.ses  the 
yellow   so  Weil   known  in  the  dandelion  blos.som.     The 
I)urpose   of  the    threi>    circles    of    u-ree-n    leaves    is    very 
evident.     What  is  this  pin-pos.'  :'     In   ;i  couple  of  days 
the  blos.som  will  have  opened  of  its  own  accord  and  the 
outer  two  circles  of  green  leaves  will  h.ive  curled  back, 
to  take   pait   no   more    in    the   work   of  protectinir  the 
flower.     Dandelions  are  cautious  plants,  howi'ver,  and  in 
the  early  sj.ring  and  tlu;  late  fall  the  flowers  seldom  are 
seen  pei-ched    in    the   cold  air,  but   r.'main  close  to  the 
warmer  ground,  a  f.-ature  in  dandelion  life  worth  seein<'. 
What    are    the    green    leav.-s    surrounding     the   flower? 
Where  d(j  they  difler  fi-om  the  big  leaves  already  referred 
to?     These    reduced    leaves    art>    called   hnirfs.      If    you 
examine  a  number  of  flower-slalks  you  will  be  sure  to 
come  acro.ss  cases  where  these  leaves  ai-e  nof  all  in  their 
right  places.     You  will  find  some  straggling  down  the 
stem.     Note  the  form  of  th<-  lowest  of  these.     Do  they 
suggest  the  big  leaves  on  the  ground  ?     May  this  mean 
that  the  dandelion  was  not  always  as  we  see  it  to-duy  ? 


'tei*  -  -':»-i?r_ 
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The  Involucre.— riicse  hi-acts  constituto  wJ.jvt  iscjilld 
the  ivrolacrc  oF  the  llowcr;  in  oilier  \v( -.(  ,,  .,  .•;,•(•!,■.  ,„• 
s.'veral  circles  of  oivfii  k-ave.s  siirroiiiidi    n-  ,-;   tl.nvcr  p  .• 
tile  purpose  of  protecting-  it.     The  bracts  ..v  rlap,  ii'  >   .u 
will   notice,   like  the   shingles   on   the    voui   ui  ..   jr'ise. 
What  is    the    adv.-.nta-e    of    this  '.      Two  circles  of  the 
involucre  curl  up  at  tlu;  openinj^  of  the  flower;  the  tliini 
or  inner  circle  of  hri^d.t  ^rn-en    bracts  still    remains  on 
•  hity.^    After  the  ilower  has  been  oi)en  for  n  couple   of 
days  it  clos.^s  up.     Dandelion  blossoms  may  cKjse  duriiij^' 
a  rain  shower,  or  at  iiii^ht.     ])o  you  know  why  '     When 
thefiower  closes  the  little  <,rreen  leaves  mentioned  clos,> 
in  and  make  a  capital  nreeii  tent.     Many  people  have 
seen  and  liave  a-lmired  this  <,a-eenhouM.,  but   few  have 
ever  taken  the  trouble  to  look  in  in  order  to  see  what 
was  yoin<r  on.     Should  you  s.'e  the    dandelion    in    thin 
condition  watch  it  clo.sely,  for  somethin<j   wonderful   is 
j,M)iiio-  on.     In  a  few  days  it  will  open  auain  ;  the  faithful 
j^'reen  circle  will  roll   back  and  the  beautiful  dandelion 
ball  will  unfold  itself.      Jiut  what  was  happenin-r  in  the 
little  <rreen  tent  '     To  answei-  this  we  must  yo  back  and 
make  a  closer  examination  of  tlu'  dandelion  Hower  ami 
flower-stalk. 

The  Flower-Stalk.— K very  one  knows  the  flower-stalk 
of  the  dan.le!i(.ii.  Who  has  not  made  whistles  of  it  ^ 
V  iio  has  not  cut  it  up  for  the  sake  of  seeing'  the  rin<,dels  ( 
Why  i.s  it  hollow  '  Why.lo..s  it  leiinthen'so  fast^after 
the  flower  opens  '.  What  makes  tiie  iin<,de(s  '.  How 
many  .[uestions  we  have  to  ask  aljout  this  Vi'iy  interest - 
in-,^  thincr!  Does  not  the  hollow  stalk  hold  up  the  f|.,wer 
perfectly^  Why  .should  the  dandelion  waste  valuable 
material,   then,   in  filiini--    up    the  Jiollow  (      Why  Jiavo 
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^-.iiu,,ee.,.,^„nL;u::!;,,:L';^;;;n 

M  n     zeason  wl.^^  natun-  has  nm.le  the  hollow  ri<  wer-sta  1 

rc.sult      Il,e  f„et  ,,,  tl,o  sl„ll<  „f   ti„.    <l„n.l..|i,  „    i„    ,(. 
pulpy  p,u-e»  ,.,  s:o,-^.,,,]  witi,  „,,t,T     Tl.is  is  «lu    i 

tl.e  end  „J  .,,„  „,,|k  ,      ],„,,,„  Think    tl,e  ,1    „,    i^ 
^'"''"^  '°.''^'  ■"»■"  ^     «-'"cl.  (i„.  ,„„,.l,,..,.,  „f  i^  Jt.Z 

H.,w  ,0  you  »n,,,K.se  ti„.y  |<„„„.  „',,„  „„,  fl.,,er  ^™ 
v«ly  f,„.  ,1,..,,, ,     j,.,j.  „„j  „,„  1,^  ^^'   « 

also  Its  l„iKM  „„|„,  i,av,!  ai,l.,I  ?  t"ena«eranj 

shall  h„,l,  „„tj„st  a  s,n.le  H.nv,.,-  like  ,!,„  ||„„.,,.  „    j. 
™e,  but  a  ,.vat  many  Ho,ve,.,  ve,y  sn.ali  t„  W    , 
ai.l.oann,.all,.,«l,tinti„.  n,ass.     On.  single  flo, 

t:!7V" ''"■'■": "« I'— ■"■.V  a.:  t.,„  in  i,;„ ' 

,  n      l,n    a  n.ass  „|   tl„».  H,„v,s  is  „.,,v  c„ns,,i.„™,s 

'-■  'l^""l.'l..m  ff.iM  an.vtl.in,,  l,v  „,is  ,nnssi  ,.  „  iu 
i.ltic  How.rs  >  This  ,,.,nai„s  to  l«.  sc,.„  hnt",ve  on 
veu.uro  the  tho,„h,  h,.,-,.  th„t  ,.„,„  ,h,  ,;.,''  Jh" 
Kan„.,l  „,  aftual  worth  ,vhat  it,,,,,  lo.t  i„  t  „  , 
»l.cwy   on,a,neutation.     Sdcctin.  on„   tlorot   the..,,    try 


m 
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to   inake   out    the  foil 


OUino-     f,.;itUr.'s,     l)y     ivf, 


eniiur   to 


eiititicjitioii.     Look 


Fi<r.  lOaii.l   Lhrii   to  the  floret  for  id 

at  the  yellow  strap-shaped  leaf 

('0.      Xotice    near   its  ))ase   that 

it  is  a  tiihe  split  down  one  side. 

Count  the  points,  or  U'Hh,  at  the 

Olid.      Each    su--,re.st    a    leaf,   .s(, 

that    this  yellow    leaf    is   really 

made    up   of  five    leaves   um'ted. 

Look  for  the  seams  showin^r  this 

union.     This  or^ati  of  the  flower 

is    lartrely    for    the    purpose   of 

advertising'    th.-    flower.      It    is 

called  the  coroUn,  jind  the  s.-par- 

ate  leaves  coiiiposin(f  it  are  the 

petnh.     The  union  of  the  petals 

is  described  in  hotany  as  ,f<i,t)()- 

petalom.      Now    examine    the    silkv    h 

their  l)a.se  these  unite  to  form   the\sh,ii. 

you  .see  on   the   flo.et.      Look  at  th.  outer  coveri,Mr,,"i 

what    3-ou    have    n(.    doul.t    callrd     the    seed.    ar)d    you 

wdl    se.>    lines    ^,,in<,r    from    the    point    of    th.-    .serd"  to 

the    top    of    it.      (\,untin,ir    th.-    h.-avier    of    th.-.s,.    lin.-s 

you    will    di.scover    that    there    are    five,    and    prohaMv 

five    other    much    less    distinct    lin.'s.       If    w,.    ,,„t    all 

thes,.  points   to-etlK-r    we    sh.ll    h.-uv    somm.    n-ason    for 

concludn.ir  that  the  coverin- of  the  s,-e,l  is  r.-allv  ma.le 

up  of  five  leaves,  the  heavier  lines  representing-  the  ed-vs 

where  a.ljacent  leaves  liav,>  joined,  and  the  fainter  lirnvs 

show.n^r  what  i.s  left  of  the  mi.]-nl,s.     The.se  five  leaves 

cov.M-  and  pn.tect  the  .seed  an.l    form   the  short   inW  ,.,t 

the  top.     Tiie  silky  liairs  are  the  frayed  teeth  of  these 


■■'1(1.  111. 

t   (/').     At 
tuhe  or  neck 
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loaves  modifiod  for  tli 


seed 
In  tl 


imipc 


•sc  ()| 


lie 


h 


away  from  tlif    plant   jifter  tli.'  seed  1 
10  rose  this  cii'd.-  of  leavi-.s  oi-  ti 


[>in<;  to  carry  t'  e 


las  ripc'iii. 


oral  or<ran  <-ets  the 


nan..,^  of  cahp',  and  the  .separate  or  distinct  leaves  fo,...- 
ui^r  the  calyx  c^^et  the  nan.e    s.jniU     The  union  of  the 


sepals    is    dcscrihed    a 


part  marked  (r)  yon  Mill  tind  t 


(jcrnosejialous.     Ex 


iniiniiur    the 


united  to  fcji 


wo  yellowish  whit 


e  curls 


in  a  tuhe.     Follow  this  tuhe  down  through 


the  thickened  i)art  marked    (<?).     J 


the  way  to  the  seed.     I,,  f.-^ct  tl 
like  Fi.r.  n.     Cut  tl 


t   m;i 


y  he  t 


i-aced  all 


ry^ 


a 


lis  pai-t  looks,  if  isolated, 
10  stalk   of   this  i)art   just  at   the 
openn..,^  of  the  corolla  tube  aiul  pull  it  throu.rh 
the  T.iass  d.     It   is   found    to  l,e  cpnte  distinct. 
us  pai-t  or  ori,ran  is  called  the  jyisfil.      The  two 


Tl 


6 


lorns  at  the  top  make  up  the  xtiijm„,a  (Fin-.  H) 
''o  stalk  (/,)  is  the  sfijlc  aii.l   the  part  (r)  h,.sidt 


10  calyx  coverinir  is  the  oi 


Vm.  n. 


constitutt^  th 


ary. 


lose 


tl 


nee 


11 


owor. 


Tl 


pistil,  or    fiMiiah;    portion  of    th 


10  remainin^r  p.-u-t  of  the   LoW> 


•r,  tl 


10     male     or<:an,    oi- 


>-iameiifi. 


part    mai-ked    {<!)    is    tl 

The   stamens   are    ma<le    up    of    two    parts,    the    heav' 

part    id)    and     the     very     tine    thread-like    stall 


golllir 


hack 


and   i; 


corolla  tu])e.      The  hjnr-like  he.-i.I 


rowing   upon   the    iiuier    wall   of    tl 


0') 


le 


and  the  stall 


ks  are  the  plamnitx.     Tl 


s  constitute  the;  <intl,ev. 


le  a 


in   a  rin<r  aliout  the  stvl 


nthei 


s  are  united 


0,  .so  are 


supported  hy  it,  and 
hence  the  very  delicate  threa.l-like  stalks  formino-  the 
hiaments.     All  (hat    is    recpiiivd  of    the  til 


mean.'^:  o 


if  1 


je.iriiiLr 


food 


iinitMits   is   a 


material   to  the  anther 


I'unction  of  Parts.— \V 


thinj,'  a  dandelion  lloret  is  !     What  is  tl 


lat  a  wonderfully  complicated 


the.se 


10  mean  inn;  of  all 
parts?     We    have    pointed    out    already  that  the 


•ve.  j^aifKi^'^m'. 
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calyx  protects  tlu-  ovuiy  aiKl  funiisli.'s  tlie  nicjuis  of 
fliglit  to  tilt'  seed.  Tin;  corolhi  is  for  ii<lvt!rtisin<r  purposes 
simply,  wliilo  the  stiinieiis  and  tlie  pistil  are  for  the 
purpose  of  l)riii«,rin<r  tlie  see<l  into  existence.  Lit  us 
look  iit  each  of  the  latter  organs  fur  a  while.  The 
stamens,  we  have  said,  are  maile  up  of  anthers  and 
tilaments;  the  filaments  we  liave  explained.  The  anther 
is  really  a  double  sac,  which  when  mature  is  tilled  with 
a  living  dust  call.'d  pi,Uen.  Shake  a  fresh  dandelion 
blossom  over  a  darkened  surface,  or  stick  the  flower  to 
the  point  of  the  nose;  in  Ixjtli  instances  pollen  dust  is 
seen,  though  a  looking  glass  will  be  necessary  in  the 
second  case  to  make  this  dust  visible. 

Fertilization.— Pollen    du.^l,    or  pollen  grains  rather, 
are  usually  spherical  in  shaj)e,  and  contain  a  living  li(|uid 
bearing  what  may  be  t.'iii.ed  the  male  life-g..nn.     Each 
of  these  little  specks  of  life  is  surromidetl  by  two  coat.s. 
Should  a  .solution  of  thive  grains  of  lojif  sn^iir  and  twenty 
cubic  centimetres  of  soft  water  l)e  ma  le,  and  a  drop  of 
this  placed    in   the   hollow  of    tlu'  glass    accompanying 
a  comj)ound    nn'croscope ;    .should    pollen    from    a    fresb 
dandelion  ilower  further  be  shaken  into  this  drop  and  the 
thin  gla.ss  cover  placcil  on  the  slide,  the  student  would 
see  a  sti-ange  growth  or  development  of  each  pollen  crain 
in  the  courst!  of  a  few  hoiu's.      Slender  tubes  would  be 
.seen  growing  from  each  giviin  and  these  would  lengthen 
hour  after  hour.      Fig.  12  will  illustrate  this  phenomenon, 
n,    h    and    e    I'epresenting 
ditl'erent  stages  in  the  de-  ^^        /Os^' 
velopment     of     a     ceitain  ^^^        ^^         ^^^      '~' 
pollen   grain.      lUit    where 
is   the    sugary    .solution   to  '"'  '" 

be  found  in  the  dauilelion  '     '{'he  inner  surfaces  of  the 


-rm 
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»t«mM  arc  rons;l,i.„«I,  soft,  «„.„„.  „„.faces  ShonlH 
pollen  gr„i,,,  ,,,.., eh  Hk.,„,  „,„  „„1,  i,,,,,  ^  ,;™ 
e„M„e.  only  the  t„l„  ^vill  !„,,  ,„  „,,y  ,,„„.„  jl,,;;  /  '^ 
spongy  .ntenorof  the  style  until  it  eon,o„  ,„  thooh:  ,h  r 

f  1 1      ,       rr"''"'"-  '""'  ""■""«''  ""»  K»'«  the  en5  of 

TiX:;:  of  ::^rer"  ::f. '.';:  '-r" «'™  -"■ 

fl..,f  ^r\i     c        ,  '      '^^  ^^     '*^  pollen  L'rain  and 

that  of  the  fenuUe  cell  blen.l  .-u..!  the  .J  of  f^^ilua/^ 

as  this  process  is  style.l,  is  completed, 
i^'^'.  13  will  help  to  n.ako  this  fairly 
"'telh^iblo.     In  this  figure,  a  is  tJie 
poden  orain,  b  the  pollen  tube,  c  the 
nncropyle,  d  the  female  germ  cell,  and 
e  the  ovule.     O.dy  one  pollen  tube  is 
necessary  to  reach  the  ovule,  but  one 
must    reach    it    if    the    ovule    is    to 
be  fertilized.     After  f.-rtili/ation   the 
ovule  beirins  to  develop  until  the  final 
pro(hict.  the  ripened  seed  is  the  result. 

Pollination.-The  dandelion,  and 
Jnai.y  other  plants,  seem  to  object  to 
»isin<r  the  p„lU.n  manufactured  by  the 
plant  itself  an.l  prefers  that  the  pollen 
should  come  from  another  plant  of 
the  san.e  kind.  Pollination  in  the 
dan.lelion.  or  the  means  by  which  the 
pollen  is  transferred  from  a  stamen  to 

of   fh.    ,  ■      ""  "''^""'''  '•'  ^^^""'PJ'«»'ed  hy  means 

or   the    many    insects    w'  "  ' 


Fio.  13. 


h    may    be   .seen    i 


11    ev 


ery 
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tlaiuU'lloti   flower  cluster  or  head.     These  insects  come 
to  tlie  dandelion  flowers  in  search  of  the  sweet  nectar, 
a    Ii(|uid    secreted    by    many    flowers;    and   occasionally 
for    the    poll.m.      Tlu;    hairy    bodh-s    of    those    visitors 
get     well     dusted     with     pollen,    and     this    pollen     is 
carried    from    flower-head     to    flower-head,    the    result 
being    that    the    stigmas    of    one    dandelion    may    })e 
pollinated  by  pollen  from  another  flower.     The  dande- 
lion also  arranges  to  keep  itself  free  fi-om  its  own  pollen. 
Look  at  a  dandelion  Just  opening.     The  outside  florets 
are    the    only    ones    that    liave    opened.     The    centi-e 
florets    look    like    a    miniature 
block     pavement,     because    the 
rounded  things  fllling  the  centie 
of   the    flower   are    the    tips   of 
tlie  anthers.     Inside  the  anther 
tubes    the    stigmas    are    placed 
Willi  their  stigmatic  surfaces  in 

contact  so  tliat  no  pollen  can  by 

any  means  adhere.      In   a   few 

hours    these    stigmas    push    out 

and  unfold.    While  this  has  ])een 

going  on  the  pollen  was  being 

shed,  but  the  oidy  pollen  caught 

lodgi'd  on  the  hairy  outer  surface 

of  the  stigmas  (Fig.  14)  where 

the    epidermis    or    skin    and    the    want    of    a    su<^ary 

solution  will    in    no   way   aid    the   pollen   grain    in   its 

peculiar      growth.       Should       no      insect      life      place 

pollen     on     the     dandelion     stigmas,     the      j.lant      in 

desperation,   as   it   were,   curls    the   stigmas    backward 


Ffo.  14. 
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andseour.ss.ir-p.„,,,,,,,Pi^.j,^     It  seen.,  l.owevo. 

that     ht-tt.-r    .s,.,.,]s    and    l.ealtiiiV-r 
P'^'-'f'^    •■..suit    fro.M    r,o.s.^>ollnu,. 
t'on    tl.an     IVo.n    s^lf-j^oU  initio, 
-^''■'"     '"^^     f"""'!..!     tliis     s.-cr.-t    in 
studyui^r    „at.,re'.s     processes    and 
T     "''"'     '^    '■'•"M"^-ntIy    in     the 
;''-^«>v.'.y     of     some     n..Nv     .,ain 
'7'y'    «tx-.       For    ,.^.„„j.,^.    ^.^    ,.^^^ 
wlH'at  plant  Ix-arin^  a  ^ood  .rain 
>";.^''^    hy    poHinatin^.    its    HoM.r 
^v.th   the   i,olien  of  a   wi.eat  plant 
;^P''nin^      earlier,     .ive     a     plant 
that    would    i)ossess    the   ;,nain    of 
tl'"   hVst    and    the  earlier   ripenino- 
'inal.ties  of  the  .s.-eond 

question    eaili,.r      Wl„.  il  ,  'i"'^\\  t'l'  this 

^vonderfullv    an.i   i.        '    ,  ''■'"'    ^'^- ■ '^'"^'tlH-ns 

;;«'«' "i  ■- -  :;"''::;'^,rti:'; ';;y';r 

them    out   thi'oiinl,    ,i,  •  -       '    '^"''   '^hovs 

'■'1«"".,|,    til-     tP„t     „.,ils     f„|,l     ,„,,  ,  "'■'■''"      '""■" 

™ '  "f ""'  .lou-.,.  s,,j;',",„  ';,::;  ;,:,;:7""'" 


Transpc 
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ail  impartial  s   iitiii^'  point  for  the  dandflion  cliil<hvn. 


lave  th(!  saintj 


cliai 


ICC  o 


f  tl 


iL'  li'ieiK 


iiy 


wiikI 


On 


one  a  seed  is  picked  up  and  carried  away,  perluqjs  miles 
fro?n  its  ori^'inal  liome.  How  is  ii  possible  for  these 
seeds  to  Hoat  and  sail  throuj^di  the  air  '.  Ileic  are  wheie 
tlie  silky  liaii\s  come  in.  TlK'y,  and  tiic  tube  connecting; 
them  with  the  seed,  foini  a  nice  little  parachute  that  the 


wind   catclies,  and   that   th 


air 


jiioys  lip  aiul    carries 


awa}'.     These  seeds  will  come  down  hy  and  l)y :  perJiaps 
in  some  friendly  yard.     The  little  hooks  notice(|  in  the 


surf.i 


)f  th 


ice  oi  iiie  see<ls  make  etiori  yrapplinj;  irons,  catcluiit; 
in  the  <,n-ass  and  Jioldin^r  the  little  seed.  V>y  and  by 
tliesi^  seeds  get  covered  by  the  dust  that  is  constantly 
being  carried  by  the  air,  the  rains  make  the  earth  soft, 
and  tlio  seeds  sprout,  catch  the  er(jund,  and  v^ventually 
become  independent  dandelions. 

Germination.  -To  know  how  damlelion  seeds  grow 
you  must  place  seeds  in  the  germiiiation-l)ox  and  watch 
their  progress.  'Hie  seed  is  a  living  thing,  and  requires 
nioistur«\  warmth,  air  and  food  in  ord<  i-  to  grow.  It 
has  all  these.  The  moisture  you  have  supplied  in  the 
wet  blotting  papi'r.    'I'he  warmth  is  furnished  by  placing 

e  air  is  ever  present  and 


th<;  box  in  a  warm  room.     Tli 


the  food  has  been  stored  up  by  the  dandelion  mother  t( 
he!})    it  along  until   it  can  get  an  independent  grip   of 


tl 


16  grouiKl 


D;i 


xmlelion  seeds  may  also  be  planted  m  an 


ordinary  tlowei-pot  and  every  stage  of  their  development 
observed.  Seeds  planted  in  September  were  in  ilower 
by  the  end  of  February.  These  dandelions  were  much 
more  interesting  apparently  than  nature's  own  sowing. 


Do 


you 


know  why  "'. 
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Lookmg  at  th.  .landdion   ,w.w  as  u  wl.ole,  what  a 
wonderlnl  n.ecl.ani.n.  it  i.s.     Th.  loav.s  l.v  ^^.ouin-r  s,. 
near  the  ^n-.,un.l  are  i.ot  n.u]Uy  ,,ick,.d  up  by  -^rarin.^ 
annuals.     The  bitter  principle  in  the  h-af  suKstr.u.e   i^ 
also  a  seennty,  while  the  leathery  character  of  the  leai" 
asawho.e  will  enable  it  to  stan.l  a  very  ^reat  ,Ieal  of 
rou.h  usa^,e  mul  still  be  able  to  contribute  to  the  well- 
be,n.o    the  plant.      Hut  these  are  not  all  the  adaptations 
iaNorable  to  the  plant      The  tieshy  root,  the  svsten,  of 
water-ways,  the  ability  ..f  tin-  .lan.lelion    t<.   li'v,.    |V,.,„ 
year  to  year,  tb-  ,„,,„«  of  transportation  of  the  seeds  • 
these  mid  n.any  other  features  point  to  a  n.ost  successful' 
plant  life. 

That  the  dandelion  is  adnn'rably  adapted  to  hold  iN 
O'An  m   the  tremendous  struo..],   ,,      e.xistence  takin- 
pace  aW  us  is  ve.y  evident  fro.,,    .he  abundance  <:? 
these  plants  foun.l  m  towns  and    cities,  and  even  now 
threaternn^r    the    whole    country.     Most    plants    have   a 
flowenn^r    season   and   a  sea.son   for   ripening,  the    fruit 
Jhe  dandelion  h.s    on    the    one  plant  flower  buds  just 
fornuns-,  Hower  buds  just  opening.,  Howers  in  full  uLn 
flowers  beann^  see.ls,  and  flower  stalks  falling,  into  decay' 
Such  a  plant  ,f  at  all  noxious,  is  apt  to  be^  pa.ticular 
nuLsance.  and  the  .landelion  bears  this  out.     Tin.e  an.l 
^me    a^.un    we    have  seen    the  o^-ner   of   a  nice  lawn 
orlan<.  ahuo.st  n,,d.t  and  day    to  rid  the  plot  of    the 
nnadu,g  dan.  ehon.s.     Pullin..  was  tried,  but  n.ost  of  the 
root  would  re.,    in  in  the  .rotu.d  only  to  throw  out  leaves 
agani  ni  the  cour.se  of  a  few  weeks.     The  table  knifc^ 
was  also  used  ar.d   the   ros.-tte  cut  off,  onlv  to  appea 
agani  when   the  owner  of  the   lawn    had    bee.i  c.^ 
napping.     Sulphuric   acid    and   coal   oil   had   al J  be^ 
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rosorteil  to,  but  (l.-uulelions  coTitimied  to  tlirive  and  lawns 
to  look  as  if  (land. -lions  had  won  tlio  day.  Can  we  not 
takf  a  Ifsson  fvom  tlie  dandi'lion  itself:'  ])»jes  the 
dandt'lion  not  smother  the  ^rrass  and  tlius  take  its  place  ? 
Can  we  not  orow  a  plant  that  may  smother  out  the 
dandelions'  How  ahont  white  clovrr;'  This  will 
accomplish  what  is  w.mtfd.  ShouM  the  mowin"'  of  the 
lawn  n-snlt  in  at,'ain  kiilintr  off"  the  clover  and  brimdntr 

til  P»        O 

back  the  uiass,  which  may  in  turn  be  invaded  by  the 
dandelions,  the  round  of  chncr,  ur.iss  and  dandelion 
must  be  repeated.  Such  is  the  life  story  in  part  of 
a  very  remarkable  })lant,  and  eveiy  student  has  now  the 
opportunity  of  addinjr  to  this  story. 

*  Weeds.  -Other  weeds  as  well  as  the  dandelion  are  a 
source  <  f  veiy  ^reat  injury  to  the  tjarden  and  to  the 
field.  Xo  man  has  the  ri<,dit  to  allow  thin^rs  that  may 
cause  damage  to  his  nein^hbor  to  breed  upon  his 
premises.  But  we  cainiot  expect  any  intellirrent  obser- 
vance  of  laws  inteni'  '  "  )r  the  betterment  of  society  if 
the  facts  of  nature  up.,.,  which  those  laws  are  based  are 
not  the  common  property  of  the  conununity.  Few 
people  know  even  the  names  of  the  thinirs  that  are 
doin^r  the  ^rreatest  harm  or  the  (rreatest  <rood  in  their 
own  gardens.  A  weed  persists  in  (rrowinij  where  it  is  not 
wanted.  The  most  no.xious  weeds  are  those  which 
pos.sess  such  a  vi«;<.r  and  such  a  tenacity  of  life  that  they 
almost  defy  dislo<l(rment.  Weeds  are  also  great  seed- 
makers  and  employ  wonderful  devices  in  securin<'-  the 
di.stribution  of  their  .seeds.  Weeds  likewise  have  a  great 
deal  of  success  in  crowding  aside  and  killin<r  out  all 
competitors.     For  these  and  many  other  rea.sons,  weeds 

*  For  weed  study  see  "  firm  Weeds,"  by  Department  of  Agrieiiltiirc,  Ottawa. 
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.sh<,ul<l  prove  a  .no.st  intorestini;  .nn.p  of  plants  to  study 

J..  cM.coum^^e  incl..p,.n,l.„t  plant  stu.ly  w.  are  ^^oin..  to 

ask  tl.Ht  ten  of  ti.e  n.ost  noxious  w..,.l.s  of  the  locality 

be  carefully  oUserve.l  an.l  th.-  n-snlts  tabulat.-*!  on  the 

blank  pa<:es  at  tlu.  e...l  of  this  chapter,  according,  to  the 
toliownii,'  plan : — 


Name  of  weed. 
Annual  or  biennial. 
Where  founrl. 


Nature  of  (lama>»e  clone. 


How  ('OMiliatid. 


fi 


Ilal.its    of     «e,..|    that 
make  it  iio\i.,ii.s. 


Questions. 

1.  What  insects  vi..it  ti.e  .l.m.ldi.a  rt.nv.n  2.  Is  tl.o  col.n- „r 
the  o.l„r  .,f  tli..  fluwcT  ,he  principal  Mieaiis  c.f  attrac-ti,,,.  '  ;i  W),., 
..  hor  nu W...ents  arc  .^ere.l  insect  visit....?  4.  ^lake  dn.win.s 
of  the  leaf,  Howe.-hea.l,  rir.ret  and  r,.ot  of  a  .lan.leli,,,,  5  In  wlnt 
part.ct.lara  does  a  dandelion  ..e.se...l.le  a  ti.i.stle  v  ,,  p.,„.t  ..i , 
differences  between  a  dandelion  a..,l  a  thistle.  7.  Ho„-  does  the 
dandel.on  p.-event  self-pollinatio..  ?  8.  NV.ite  a  short  e.say  on  the 
fl.«ht  of  a  dandel.o..  seed.  U.  NVh,-  are  so  ...any  dandelion  plan 
found  n.  towns  and  cities?  10.  What  are  the  fu..ctiu„s  of  tlj  root 
leaves  ana  flower  .,f  the  dandelion  ? 
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THE  LOCUST  OR  SHORT  HORNED 
GRASSHOPPER 

Structure -Head.  If  ..,,.•  wouM  kiunv  th-  civaturos 
iiK-t  ill  the  .-wiyHlay  lit',,  unv  must  stu-ly  tlhiu  in  tli-ir 
•>\vii  sottiii^r  ai,.l  not  (l.-|.,.ii.I  rntiivly  U[h>u  what  uthcis 
have  said  ahont  tlicin  ii.  the  Ix.oks. 

In  July,  Aii.niist,  an.!  tli.-  first  liall"  of  S..j,t..,Ml.,.r. 
•rrasshopptTs  may  1...  s,-c-mv.i  and  tli.-  cl.aiact.-iistics  of 
the  adult  not...!.  ExamiuiiiM-.  theivfoiv,  a  short-horn. .i 
-rasshopper.  we  shall  r.'adily  make  .-ut  thr  tinve  main 
divisions  of  the  lM.dy,  namely,  th."  hn,,/,  th.-  f/n.,n.r 
or  mid.llr  r.-i,,,,,  ,i,,4  ,|„.  ^hd,,,,,,.^  ,„.  ,,,.^,.  ,,.,_,.j,„, 
The  h.'Ud  l),-ars  the  ont,  itnn  (Fiu-.  //;,  2  ,  two,  Inn;:, 
jointed,  slrnd.-r  organs  attached  in  front  .d'  the  laryvr  (7r 
rmnjxnuKl  eyes  (  Fi-  PJ,  1).  The  lar-..  rys  are  Tvally 
many  ey.vs  :  eaeh  hein;;  six-sided  in  shape.'  Besides  the 
compound  eyes,  thei-e  are  tlnve  sIm,,/,'  i.y,.s,  or  ocrUi. 
One  of  these  is  in  front  of  the  upper  i)arl"  ..f  ,.ael,  laroe 
t'ye  (Fi-r.  Jf;,  8  ;  the  third  ,>crllt,s  (Fh^.  //;,:])  is  in  the 
hollow  near  the  middle  (Fi-  JG,  4  of  the  fare  of  th." 
^'rasshopp."r. 

As  nTasshopp..rs  ar."  not."d  for  th.'ir  al.ility  to  r.'inove 
veo;etation,  w."  sh.)ul.i  .".\p."ct  to  Hnd  in  the  urasshopp.'r's 
mouth  the  machinery  for  cuttini,'  Jind  ^ri-indin.;  foliai^^e, 
an.l  in  its  digestive  sy.stem  capital  acconnnodation  for 
preparing  the  f.jo.l  for  the  use  of  the  bo.ly.  Obser\  in- 
then  the  iMoutli  parts,  notice  fh.-  movalile  f!ajv-lik~ 
ni)per  lip  or  labrwm  {F\g.  /(;.  (j),  situated  below  a  wide, 
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y  «  w  11  «  dan,     7,"  *"■"  '""'"■"'»«  "  "-"'  '<I»-"'en 

you  «w  .  r    ,      ""^ J""" °'' '"'■"*■'''<"'■    Should 

you  watch  a  g,.a..,h„p,«p  „,i„g  jj,  j„,^,,  ^..|| 


1 

1 


Abdomen 


Fio.  16. 


that  these  do  not  work  „p  and  down  h'ke  human  jawa 
Removang  the  n.aadible.s,  you  will  discover  u  ..cuud  pai. 
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of  jaws,  rather  complicated  in  their  structure.     These 

are  called   the  mnxillce,   and  their 

motion  is  the  same  as  that  of  the 

mandibles.     Each   maxilla  bears,  a 

five-jointed  appendage,the  maxillary 

palpus  (Fijr.  10,  7).     The  lowerlip  or 

labium,  a  sort  of  flap  may  now  be  F'o.  n. 

bent  back,  thus  revealing  the  spinv  <«)  m*"'"™- (*)(*)  LiguH. 

1  1  rni       I    1  .  (cXc)  Labial  palpi. 

pad  or  tongue.     The  labium  consists 
of  a  basal  part  the   m^nfum,  a  pair  of   spoon-shaped 
pieces,  the  liguli  and  the  two,  tliree-jointed  labial  palpi, 
all  of  which  may  be  seen  in  Fig.  J7. 

Thorax.— Coming  to  the  second  region  of  the  body, 
you  will  notice  a  continuation  of  the  jointed  appearance 
so  prominent  in  tlie  head.  The  thorax  is  divided  into 
three  regions,  the  pro-thorax  or  front  region,  the  meta- 
thorax  or  rear  region,  and  the  mj-so-thorax  or  middle 
region.  The  pro-thorax,  a  sun-bonnet  shaped  piece, 
bears  the  first  pair  of  legs.  Observe  how  this  piece  fits 
toward  the  head  of  the  grasshopper.  The  meso-thorax 
bears  the  first  pair  of  wings  and  the  second  pair  of  legs, 
while  the  meta-thorax  bears  the  large  legs  and  the 
second  pair  of  wings. 

Wings.— The  anterior,  or  front,  or  upper  pair  of  wings 
form  the  tegmina  or  wing  covers.  These  wings  are  about 
the  same  length  as  the  insect's  body.  Each  is  a  thin, 
transparent  plate  of  chithie  (the  liorny  substance  of  the 
skin  of  an  insect),  and  each  is  streiigthenea  by  a  network 
of  cliitinous  tubes,  the  ming-vems.  The  larger  veins 
divide  again  and  again  into  smaller  veinlcts,  which 
interlace  so  as  to  divide  the  wing  surface  into  a  great 
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many  irregular  areas  or  cells.  The  second  or  lower 
pair  of  wings  are  of  the  same  length  as  the  first  pair 
an.l  when  the  insect  is  at  rest  are  folded  up  under 
the  latter.  Their  front  edge  is  firm,  the  balance  of  the 
wing  is  parchment-like,  and  the  numerous  veins  are  so 
arranged  as  to  cause  the  wings  to  fold  upon  themselves 
hke  the  parts  of  a  fan. 

Legs.— The  great    leaping    legs   consist  of  five  parts 
The    co,ra,    which    joins    the    leg    to    the    thorax:    the 

ti'ochav'er,  the  femur,  the 
t'lhid,  and  the  tarsus.     The 
femur   is   the    large    club- 
shaped  part  containing  the 
jjowerful   leaping   muscles. 
When  the  insect  is  at  rest 
the    tibia    extends    down- 
ward  and    backward,   and 
in  tiu-  act  of  jumping  it  is 
thrown  backward  so   that 
ti.e  leg  as  a  whole  becomes  straight.    The  tarsus  is  made 
up  of  a  number  of  divisions,  which    bv  th.-ir  adhesion 
serve  as  a  capital  anchorage  to  the  foot  in  leapin.r.     AH 
these  parts  are  shown  in  i)lace  in  Fig.   ]H. 

Breathing.-Tlu.  abdomen   is   made-up  of  a  number 
of    segments    niuvMble    upon    each    other.       In     cross- 
section,  this  region  wouM   look  .soniethin.r  like  Fi.r   19 
The    typical    numln'r   ,.f    segments    appears 
to  be  eli'v.-n,  although  in   both  sexes    there 
appear  to  be  el,n<-n  frn/,>  or  upper  segments, 
but  only  eight  .sh'rva,  or  un.ler  segnrents  in' 
the  female  and   but  nine  in  the  maTe.     This,        Mo.  w. 
l.uwev<M-,  is  but  a  small  matter  to  the  student  who  may 
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1.  C'ox.i.    2.  Trochante.     3.  Femur. 
i.  Tibia.    .'•,.  Tarsus. 
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satisf3'  hinisclf  us  to  the  immlxT  ol"  tliosf,  juid  cndeuvonr 

to  .stjuiire  his  count  with    that  of    the    men    who    have 

given  this  insect  a  great  deal  of  thought.     Observe  the 

opening  on  each  side  of  the  first 

abdominal  segment.     These  are   ^,Jrv^_^ 

the  animal's  ears,  a  very  strange    \^/d_^  5]  4-1  ?/ 2, 

position  for  ears  cei'tainly.     In      ^^~^^^ 

Iront  of  each  is  a  small  openiu"-    *■'"•  -I'-shoHini;  the  position  of 

the   first    of    the    ..),lmde>^    m'  '"-piracies. 

breathing   openings    of    the    abdomen.      Tlie    remaining 

spiracles  may  be  found  out  b\-  a  leference  to  Fi<'-.  20 

The  spiracles,  we  said,  are  the  bniathing  (.jjenings. 
Within  the  body  they  divide  and  sul)divide,  bringing  all 
parts  into  contact  witli  the  life-giving  o.xygen  of  Uirair. 
Notice  the  breathing  movements  of  the  gra.sshopper. 

Sexes.— Should  30U  examine  th.'  abdominal  ends  of  a 
number  of  grasshoppers  30U  will  find  diiferences  whicli 
will  enable  you  to  distinguish  the  se.xes.  In  .some  you 
vill  find  four  pointed,  stiff  needljs  or  horn.s.  There "^^are 
in  reality  Hi.\  pieces,  but  two  are  hi.lden  from  the  view. 
In  the  remainder  you  will  find  a  single  hood-shaped 
plate.  The  first  are  the  female  hoppeis,  the  strange  rear 
structure  being  the  ovipositor,  an  organ  made  u.se  of  in 
excavating  the  ground  for  the  i-eception  of  the  in.sect's 
eggs. 

Grasshopper-Plagues.-Such  is  the  external  anatomy 
of  the  grasshopper.  What  a  confusion  of  joints  and 
plates!  Was  ever  km-ght  of  ol.l  more  enca.sed  in 
armor  than  this  connnon  nuisance  of  the  meadow 
Ifinds  and  grain  fields  ^  X<>  .,1,,.  who  has  not  witnessed 
the  ravaging   i)ower   of   the   short-horned   grasshopper 


hi 
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can  fully  conceive  it.  WJuit  do  its  strong,  jaws  its 
immense  win.i;-powor.  its  nu.scular  }n.]y,  n.ean  v^l.en 
I'nlhons  of  these  insects  inva.le  the  cH.ntrv  .  Can  a 
...ore  destructive  n.achine  be  devised  or  ev'en  thc.n-d.t 
ot  tor  ren.ovu.^r  ve^retation  from  th.;  earth  ^  In  the 
year  1857  <jrasshopp.,r  destroyed  all  the  crops  of  the 
Ked  R.ver  \  alley,  so  that  the  y.„„..  colony  had  to 
.stihs.st  l,y  hunting,  and  Hshin^^.  At  this  tin.e  the  youn<. 
hoppers  appeare,!  ir.  such  nun.l,er.s  as  to  "  crackle  beneath 

lZ'!7    J.^^""r    '''''^''"^'  "^•^'•"  ^''^'  l''-'^'''-^-"     From 
1«63  to    IS7.    there  was  scarcely  a   yenr    wh.-n   ^rass- 

J.<;i)pers  were  not  n.ore  or  less  of  a  menace  t.,  the  lands 
w.thn.  the  basin  of  the  Ked.  Since  1877  <,n-asshoppers 
l.ave  repc-atedly  thre.UM.ed  portions  of  the  country  and 
since  }nsto.y  n.ay  re; -at  itsdf,  farn.ers  cannot  expect  tJ 
be  always  secure  frun.  the  invasion  of  the  worst  species 
ot  grasshopj)er. 

It  is  in.portant,  therefore,  to  know  how  and  where 
grasshoppers  breed,  that  intelligent  action  may  be  taken 
should  con.litions  ever  favor  a  future  invasion  of  the 
country  by  these  insects,  (basshoppers,  we  have  with 
us  every  y.ar.  These  may  be  stu.lied  in  onler  to  .ret 
ac.,ua.nted  with  ,'  e  general  habits  of  this  ii.sect.  We 
shall,  however,  keep  before  us,  the  life-history  of  the 
species  that  has  dune  the  coinitry  most  dama-e  in  the 
j)ast.  " 

The  Rocky  Mountain  Locust.-The  Rorh,  Mountain 
L'>n,sf,  whos,.  home  s.vms  to  be  the  wstrrn  upland 
••Cffions,  n.ay,  if  press..!  by  a  scarcity  of  food,  descend 
"pon  the  lands  to  the  east  and  ruin  every  grain  field 
aoi.g  the  lin.  of  flight.  The  eggs  of  this  insect  are 
i»iaced  Hi  hol..s  in   the  groun.l.     These  holes  are  .nade 


THE   LOCrsT  Oil  SIIOUT-IIOUXEl)  OUASSIIOPPEH.        41 


by  means  of  tho  two  pairs  of  horny  valves  already 
inentioni'<l ;  the  valves  l)ein<;  made  to  open  and  close 
much  the  same  as  certain  j)ost-hol(!  di<i;j;ors.  After  the 
hole  is  made  the  female  tills  it  with  eo-crs,  and  in  order  to 
secure  these  from  the  effects  <jf  the  weather,  slie  eiid)eds 
them  in  a  mucous  material  which  hardens  in  a  few  hours. 
P'ij^.  Jl  represents  such  a  nest. 

While  ejjtj-layini^  and  hatchintf  may  take  place  at  any 
time  durini;  the  sunnner  months,  the  o^reatest  etibrt  at 
nest-makin<;  must  he  made 
in  the  early  fall  in  order  to 
secure  the  continuation  of  the 
species.  In  the  fall  of  the 
year,  therefore,  the  j^round  in 
certain  localities  ma^'  he 
literally  sown  with  these 
e<:jg-masses,    which    when 

hatched  in  the  sprinjf  will  yield  thousands  upon  thou- 
sands of  youn<^  hiippers. 

As  the  eij^ifs  in  a  particular  pocket  hatch  at  the  same 
time  there  must  he  a  considerable  scramble  on  the  part 
of  the  youn<^  jjjrasshoppers  to  force  (heir  way  to  the 
surface  of  the  soil.  Shcnild  the  land  l)e  ploughed  before 
the  liatching  takes  place,  the  e^f<;s  would  be  buried  so 
deeply  that  few  if  an}-  hoppers  would  ever  reaeli  the 
surface.  ShouM  the  insects  reach  the  surface  what  food 
can  they'^et  ^  They  cannot  Hy,  for  their  wini;s  are  mere 
pads.  They  nnist  either  walk  to  where  there  is  biod,  or 
else  starve.  What  time  of  the  year  would  you  su<i<;est 
for  this  ploughinir  ?  Why  ?  Like  other  insects,  crrass- 
hoppers  are  obliy,ed  to  '}1iOH/^  or  throw  oft' the  old  skin. 
Why  is  this?     Nolo  that  the  young  grasshopper  bears 
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.•I  distinct  resemblance  to  the  adult.  There  is  no  resting 
condition  union.,,  the  grasshoppers.  Tlu-  young  are  just 
iis  hungry  as  the  old  and  are,  therefore,  as  great  a 
nuisance. 

When  about  to  get  its  wings  the  young  grasshopper 
crawls  up  some  friendly  grass  stalk  or  post,  and  after 
drawing  its  hind  feet  up  under  its  body,  grasps  the 
support  with  might  and  main.  In  the  course  of  a  few 
houi^  the  skin  along  the  back  and  head  splits  and 
the  full-winged  insect  gra.lually  and  very  laborously 
withdraws  itself,  leaving  the  old  tattered  covering 
sticking  to  the  post  or  grass-stalk. 

Destruction  of  Grasshoppers—Should  winged  grass- 
hoppers invade  the  country,  ploughing  would  be  useless, 
but  desperate  r.;medies  would  have  to  be  resorted  to.     A 
shallow  sheet-iron  pan,  about  eight  feet  long,  two  feet 
broad,  and  a  couple  of  inches  deep,  is  fastene<l  to  three 
runners,  upon  which  it  rests.     At  the  rear  of  the  pan 
fastened    upon    a    few   uprights,   a   sheet   of   canvas  is 
stretched,   and    the   whole   machine   is   pulled    throuc^h 
the   insect-infested   field   by  means  of   hoivses.     As  the 
pan    contains    coal    oil,    a    liqui,]    particularly    deadly 
to  grasshopper  life,   bushels   of  grasshoppers  are  thus 
caught.     Again,  the  oil   soaked  canvas  prevents  many 
grasshoppers   from  escaping  by  either   knocking  them 
back   into  the  pan,  or  by  smearing  their  bodies   with 
oil.     In  both  cases  the  result    is    the    same.     Recourse 
IS    also    made    to    the    nm.ierous    natural    enemies    of 
this    insect,    and    also    to    its  aversion  to  damp  or    wet 
weather.      Grasshoppers    delight    in    the    bright,    dry 
summer  season.     In  such    Wf^ather    they    breathe   more 
freely,  become  healthier  and  devour  more.    Grasshoppers 
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show  in  many  ways  tlioir  dislike  to  dampness  by  climb- 
in<^  to  the  liigher  ^roun<ls  and  hy  st'ekinjf  out  the  drier 
phices  everywhere.  Duriii»f  rainy  weather  they  feed 
but  little,  hence  a  lon^,'  period  of  wet  weather  weakens 
their  general  health  and  causes  them  to  fall  a  prey  to 
certain  bacterial  diseases  which  freijuently  cut  them  oft' 
by  the  thousand.  Grasshoppers  affected  by  such  bacteria 
climb  the  tallest  weed  stalks  and  die.  After  death  their 
bodies  set  free  the  fine  spores  of  the  bacteria  and  these 
are  can-ied  by  the  air  only  to  find  lodgement  on  and 
affect  other  grasshoppers.  Again,  insect  parasites  of 
various  kinds  help  the  work  of  destruction  along. 
Among  these  we  may  cla.ss  the  tuchina  Hy,  a  Hy 
resembling  the  house-Hy  in  appearance.  When  grass- 
hoppers are  plentiful  this  Hy  may  be  seen  endeavoring 
to  fasten  its  eggs  upon  the  neck  and  under  the  wings  of 
some  hapless  grasshoi)per.  The  larva?  hatching  from 
such  eggs  enter  the  grasshopper's  boily,  feed  upon  its  fat 
and  eventually  destroy  their  host. 

Besides  the  enemies  mentioned,  we  must  not  overlook 
the  work  of  many  birds  and  animals  that  feed  heavily 
upon  grasshoppers.  Among  these  we  may  well  consider 
the  blackbirds,  hawks  and  owls,  the  gopher,  the  skunk,  the 

toad,  and  the  frog. 

Questions. 

1.  Comp.'ire  the  size.s  nf  mule  and  fi'inaie  ^nissliojtpur.s.  2.  Make 
a  (Irawinj;;  of  a  j^rasslmpper  a.s  .seen  fniin  tlii;  .siile.  3.  Ciini[)are  the 
yri'fii  grassiiopiRT  and  tlie  .sIiDrt-iinriied  giasshniiper.  4.  Describe 
the  liquid  in  the  mouth  of  the  grassliopper.  5.  What  is  thi.s  litjuiil  I 
(j.  Why  are  the  antennie  so  mnv..l>le?  7.  Describe  the  compound 
eyes.  8.  Can  a  grasshopijer  hear  and  see  well  ?  How  do  you 
know?  9.  Cut  a  piece  of  j)aper  the  same  size  and  shape  of  the 
wings  and  fold  it  as  the  inntT  wing  is  folded.  10.  Can  a  grasshopper 
be  drowned  by  hohling  its  heail  under  water  t  11.  Trace  the 
development  of  a  grasshopper  from  the  egg  to  the  adult. 
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THE  HOUSE-PLY. 

Plies  in  the  Summertime. -The  house-fly  is  known 
the  world  over  us  one  of  the  worst  of  pefts.  In  self 
defence  we  try  to  screen  doors  an.l  windows;  still  flies 
cmitinue  to  walk  over  our  food,  fall  into  our  tea  and 
nulk  and  nmke  themselve.,  a  gener.  nuisance.  Flies 
are  also  a  source  of  annoyance  to  cattle  and  hoi-ses 
whde  then,  foo.1  habits  may  result  in  their  carryl": 
contagion  fron.  place  to  place.     To  combat  such  an  insecl 

hlTor  ""'   """'^   "'^'''   ^   ''^'"   '^"^^'  ^^  '^^  "f*^ 

Plies   in  the  Winter  Season.-FHes,    as    everyone 
probably  knows,  are   not  winter-loving  insects      Flies 
however,  must  have  son.e  n.ethod  of  tiding  over  the 
wmter  and  thus   securing   the   continuity   of  the  race 
How  ,s  this  accomplished  i     Many  persons  have  wondered 
in  a  small  way   at   the   disappearance   of   flies  in  the 
autn„,„  t„        ^,d  ,,^^^.^  ^^,^^^^^^  ^,^.^  disappearance  to 
the  frost.     Others  have  been  surprised  at  the  return  of 
the  flies  m  the  spring  time.     A  few,  a  very  few  persons 
have  been  really  curious  enough  to  piece  this  event  and 
that  together  and    thereby  to  discover  just  what  has 
happened.     Have  flies   not   been   seen  about  on   warm 
winter    days  J      Where     have    such     been     hiding,    or 
have  they  hidden  ?     Be  on  the  outlook  as  the  ^int.r 
season  approaches  for  the  cause  of  the  disappearance 
of   the   flies.      Let    nothing    be    considered    too   trivial 
to   record.      Here   is   one  experience;    dozens   of  other 
experiences   may  bo  added.     On  going   tc   t.l.e  central 
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school,  Brandon,  on  a  certain  Saturday  afternoon  in  the 
autumn,  the  phicing  of  the  school-key  into  the  lock  set 
up  such  a  buzzing  that  one  could  very  easily  imagine 
that  a  swarm  of  l>ees  had  taken  up  quarters  in  the  lock. 
Dozens  of  chilly  flies  had  simply  done  what  all  flies  at 
this  particular  season  do,  namely,  attempted  to  get  into  a 
warmer  place.  Flies  driven  by  the  stress  of  the  weather, 
and  also  by  their  instinct  of  self-preservation,  will  find 
their  way  into  houses  no  matter  how  snug  the  windows 
nor  how  tight  the  doors. 

The  Two  Occupations  of  Flies.— Flies,  like  all  living 
things,  have  two  and  only  two  great  occupations. 
Flies  look  after  them.selves  and  flies  provide,  in  a 
measure,  for  their  offspring.  All  important  questions 
about  flies,  therefore,  centre  about  these  activities. 
In  looking  after  thenjselves,  flies  require  food.  Flies 
also  have  many  enemies,  and  these  they  must  be 
able  to  combat  successfully.  Flies  must  likewise  be 
able  to  adapt  themselves  to  changes  in  their  environ- 
ment. In  caring  for  their  offspring  flies  must  deposit 
their  eggs  where  conditions  are  favorable  to  the 
development  of  the  young  fly-larva?.  That  all  these  are 
attended  to  is  evidenced  by  the  abundance  of  flies 
observed  every  summer,  particularly  duiing  the  months 
of  July,  August  and  early  September. 

In  the  springtime  flies  may  be  seen  on  any  warm  day 
lazily  up  the  window-pane  or  flying  in  a 
blundering  fashion  from  point  to  point  in  the  room. 
These  early  flies  act  as  if  they  had  not  any  too  much 
energy  to  spare.  In  a  few  weeks,  however,  one  may  be 
surprised  to  notice  an  increase  in  the  number  of  flies, 
and  an  activity  wanting  in  the  case  of  the  few  which 
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foil:' H  :  ""f  "'•"  ""■""""-'■  f»"'->-  "™""  '  «"1 

p."  .»of  ,„c,..as..  .n.,.v ,.c.,.,iii^. ,,,„,„  ^  ^„„        ;■; 

«roat  a,„K,v»„ee  to  l,u,Ma„ca,„f„rt  if  „„t  easily  oLkH 
Ho«se.raes._Ti,e    oo„„„„n,    „r    Louse-Hy'   lavs    i„ 

ir;:,;:  ";;•  - *  -f "-  '-ky„,,i  a„ii„"'„:,. : 

no  o„e   1,.„  j..t   „„s,vt.,i,l    i„   a  »<.tisfaet«,v    „a„„er 
Here  ,,  an  opportunity  for  the  .stn.lent.     P^ssiu"    1  e 

n   ie-ss   t.nie   ,f    the  con,l,t,o,is   b.-   pailicula.lv    .-ood 

ZzrTn  :r ,''-'  "■™""" >  '■••'■>-•'"- 

fl        laW^i  yon,«   ahve,    IW  ve    have   seen    »„ol, 

^     o    '^^ro'*    oil    ciiee.se.       Straiifre    to    sav     flw.«« 

e^„-  were  able  to  ,„ove  alx,„t,  a  eon.li.ion  o    'tl     ," 

po.nh.Hy  ealle.,,  the  ,,::;„  J  ;^^^^^^^^^ 

^wn«ie. ready  to  e:tt;:ret^:r:;. -!:.'' 

nay  be  p,-„.l,,ee.l    a  ei„.,„„sta„ee  that  e„«ii;''e^S    S 

ow  ,t  ,.,  p„.„b  ,.  for  ten  generations  of  Hi.,  f„  'X^'^ 

the  space  of  a  short  snnnner  season.     For  this  reasoL  I 

u^;s  th:::r"'^- '"-••■' °-''--e7".t 

uc  llics.     A  closer  exaniinatio.i,  however, 
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sliows  a  small  pair  of  wincrlots,  which  at  first  sight  seem 
to  be  separate  from  the  main  wings.  These  secondary 
wings  move  very  rapidly,  ;ind  with  them  the  balancers, 
short-knobbed  threads  that  occupy  the  place  of  a  second 
pair  of  wing.s,  and  which  are  supposed  to  be  modifica- 
tions of  these,  set  aside  for  the  purpose  of  breathing  or 
hearing  organs.  If  you  wish  to  see  these,  catch  a  fly  by 
the  legs  and  watch  the  motion  of  the  balancers. 

The   feet  of  the  fly  are  armed  with  two  claws,  and 
each    bears    a    couple    of    pads     covered    with    hairs 
which    secrete  a    sticky    substance. 
By    means    of    this   secretion    flies 
have  no  difficulty  in    walking    up 
window-panes    and    across    ceilings. 
The  fly's  feet  are  also  useful  at  such 
times  as  the  fly  brushes  himself  and 
arranges     his     wings     and     body 
generally   after   being   subjected  to    fio  22.— Foot  of  House-fly. 
a     it  of,  what  the   fly  might  call, 
r     gh  treatment.     Fig.  22  will  give  a  fair  idea  of  the 
..■ain  features  of  a  fly's  foot. 

The  head  of  a  fly  has  considerable  movement.  The 
compound  eyes  are  placed  so  as  to  take  in  the  surroundings 
well,  a  feature  wlrch  may  help  to  explain  the  difficulty 
one  experience3  in  trying  to  get  very  near  a  fly.  Do 
these  compound  eyes  give  the  fly  a  distorted  vision  i 
Does  the  fly,  for  example,  see  the  one  object  as  many 
objects  ?  Do  you  with  your  two  eyes  ?  Hnve  flies  any 
other  than  the  compound  eyes  ?  Look  the  fly's  head 
over  carefully. 

With  the  fly,  the  mouth  parts  are  mostly  suppressed 
or    are    rudimentary.     The   labrum   is    well   developed 
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•nto   what   may   he   culled    the   prolx^s-. 
brush-hke    or^^an    the    tiy    easilv    sucks    „ 
food.   wh.eh    must   of  necessity' he    2,. 
Prepare  a  su^ar  solution  and  er.deavor    ■    - 

teed.     It  18  this  orcjan  that  is  the  s. .., 

on  a  warm  day.     In  what  way  ? 


^Vith   this 

•    lups    its 

■!    solution. 

how  flies 

lunoyunce 
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The  Stable-Ply.— The  u  .i.i^  a      ,     , 
house-lly.      The   mouVl     ;    '.     ^  ^'     '''''^  '"^'-^^"'^^^'^  the 
instead  'of    Z.i    "       ^'T      "^^  "'"^P^^"''    *"    ^^^t'"!.' 

panted  wir-^,.:  itv  rjtr ^  ^ 

troublesome  to  horses  and   o.ai  T      ^        ''^  '*'  '"^ 

say  nothing  of  the  lo,,  „f  1  T  !  "•'  *■""""•  '° 
former,  and"  milk  t  T  eleTf  1,  '",  "'"  T  °'  "'^• 
proUbly  Weed  i„  n„.  Jrheap,  rftr't,  t  ''"^'  'T 
t«™..d  to  ««.i  account  in  ioZ ^^t^n^t^:', 
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fliPs  in  the  lioii.se  and  in  tho  field.  Flies  are  troublesome 
pests,  bnt  we  have  not  touched  upon  the  main  thing, 
that  featui-e  which  niaki's  our  study  of  the  fly  a  very 
serious  problem. 

Scavengers. — Flies  are  among  nature's  Ix-st  scaven- 
gers. We  find  flies  swarming  alx)ut  the  barrels  and 
the  h^\eH  into  which  the  refuse  of  the  hou.se  ha.s 
been  dumped.  It  is  here  and  also  in  the  carele.ss 
attendance  of  lx)x  closets  that  flies  may  *l)ecome  a 
source  of  very  gnjat  danger  to  human  beings.  Flies 
must  become  contaminated  with  .some  of  the  material 
they  feed  upon,  as  this  may  contain  di.sea.se  germs. 
Just  think  of  the  number  of  typhoid  fever  germs  a 
fly's  foot,  with  its  broad  and  hairy  surface  can  aecom- 
niwlate.  Think  of  these  flies  the  next  hour  wading 
into  the  milk  of  the  household.  There  is  no  better 
culture-material  than  milk.  Think  of  a  person  in 
ignorance  of  what  has  happened,  drinking  .such  milk. 
Is  there  any  wonder  that  typhoid  fever  stays  about? 
Is  there  any  wonder  that  the  bite  of  the  stable-fly  is 
attende<l  ^y  »i  ore  or  le.ss  inflammation  ?  These  are 
serious  matters :  matters  that  would  be  lessened  were 
people  only  con.scious  of  the  amount  of  danger  that  is 
wrapped  up  in  so  small  a  bit  of  life  as  a  fly.  Flies  may 
be  doing  a  very  vabiable  work  in  removing  decomposing 
material,  but  in  doing  this  they  may  be  the  means  of 
carrying  disease.  \V(?  may  not  eliminate  flies  from  nature 
but  we  may  lessen  their  power  by  covering  up  the  garbage 
receptacles  and  exercising  greater  cleanliness  about  tlie 
premises.  Were  this  attended  to  the  worM  would  be  a 
better  world,  and  the  summer  season  would  Ix;  robbed  of 
one  of  its  greatest  terrors. 


50 


ELEMENTAHV  SCIENCE. 


Questions. 

flies  "«    How'   7  7"   'T.^'"'''-     '■   ''''"  "'^^  --^''-  l^iil 
order   .   fl  '^-    T  ^  ^^^  ^'"'^  ^     •'•  C'"'  y"»  «»'l  -»*  ia  wlmt 

..ler   H   fly  „.,,,s  feet?    10.    Wh.t   sounds    .1.,    flios    ...  kJ 
1  •    (a,,    a    fly    he;u-?     12.   Can   it    ....ell  ?     i:j.   Do  flies     T  tl J 
whole,  ,„j„re  .......  or  i,.,.etit  l.i...  /  '      "   "'^ 
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The  Canary-bird  Vine.— Of  t\u;  many  climbinj^-plaiit.s 

people  (li'lij^lit  to  place  about  their  homes  none  is  more 
iiiterestinif  and  few  more  beautiful  than  t\n}  od) art/ -bird 
vine.  This  plant  glows  from  seeds  planted  about  the 
middle  of  May.  It  is  a  rapid  j^iower,  the  folia<;e  is  a  rich 
jfreen.and  the  climbinj^-habit  wonderful  in  its  mechanism. 
It  would  be  a  good  thing  to  encourage  tlie  growing  of 
this  plant  in  every  school-jard.  Maiiy  an  inisightly 
woodpile  could  be  turned  into  a  bower  of  beauty  by  such 
a  vine.  TliiM'e  is  just  one  objection  in  the  way.  The 
cabbage  butterHy  seems  to  be  very  partial  to  this  plant, 
and  has  often  selected  its  foliage  as  the  safest  and  best 
place  for  its  eggs. 

The  small  yellow  cabbage  butterfly  us  usually  common 
enough,  but  to  have  this  insect  where  the  whol  lound 
of  life  may  be  easily  studied  is  not  always  an  easy 
matter,  unless  such  plants  as  the  one  mentioned  be 
placed  as  a  bait.  Should  such  a  vine  be  grown,  it  is 
altogether  likely  that  evidences  of  the  presence  of  the 
yellow  butterfly  will  be  abundant  during  the  month  of 
August  and  the  early  portion  of  the  following  month. 

Butterflies  are  creatures  of  the  sunnner  and  the 
summer-day.  Rainy  weather  is  not  good  weather  for 
butterflies.  The  honey,  or  rather  the  nectar  of  the 
flowers,  is  their  food,  and  they  may  often  be  seen  flitting 
from  one  flower  to  another  in  search  of  this  article. 
Butterflies  may  often  be  seen  sumiing  them.selves  on 
the  leaves  or  flowers.  Watch  the  way  they  half 
open  aiid  close  their  wings.  Watch  two  of  the  same 
species  chasing  each  other.     Note  the  advauce  and  the 
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retreat,  the  circling  motion  and  the  mounting  skyward 
Perhaps  you   may   also   see   the   yellow    butterflies,  to 

mar^!n"f"        .'  ''""  '^  ""^'^'  ^'^^''^'-^    '^bo"t   the 
wilPln  f  rr  ^'•>:'""  P"^^'«-     0"  your  approach  they 

Catch  a  butterfly,  and  note  the  number  of  wings. 
These  are  thickly  covered  on  both  sides  by  overlapping' 
scales.  The  scales  are  of  different  colors  Ld  are  often 
arranged  m  patterns  of  very  great  beauty.     To  what 

butteifly  ?  These  scales  are  really  modified  hairs  and 
each  species  may  have  its  particular  form  of  scale.  Look 
at  the  insect  s  head.  Its  tongue  is  merely  an  instrument 
for  pumpmg  the  nectar.  Compare  the  antenna,  of  the 
butterfly  and  the  moth.  Does  the  body  put  you  in  mind 
of  a  caterpillar?     What  is  its  shape  ? 

Egfir-laying.-Now  watch  the  cabbage  butterfly  as  she 
dashes  m  and  out.  or  moves  here  and  there  aboQt  the 
canary   vme     She  is   egg-laying.     Find   out   how   she 
does  thKs.     Make  a  note  where  the  eggs  are  situated  on 
the   leaf     Are  they  at   the    leaf-edge,    on    the  upper 
surface   the   lower  surface,  along  the  veins,  are  there 
">ore  al)ove   than   below,  more   on   one   leaf    than    on 
another,  etc^?     Can  you  see  any  advantage  in  scattering 
the  eggs?    Examine  an  egg.    How  is  it  attached  ?    Scrape 
the  outer  covering  away.     What  is   this  covering,  for? 
Wlule  searching  for  the  eggs,  look  also  for  signs  of  the 
caterpdlars.     These  signs  will    be   leaves  more  or   less 
ea  en  into.     E.xamine  these  leaves  for  the  purpose  of 
determining  whether  the  caterpillars  have  any  systen.  in 
selecting  the  portions  of  the  leaf  to  be  devoured     The 
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caterpillars  themselves  are  not  easily  seen.  Should  you 
find  theuj,  make  a  study  of  the  various  features  which 
aided  in  concealing  them  so  well.  To  what  extent  do 
they  wear  the  livery  of  the  thing  they  feed  upon  ? 
Watch  the  caterpillars  feeding  to  tind  out  whether  they 
have  special  feeding  hours  and  resting  hours.  How  does 
the  weather  afiect  them  ?  How  many  legs  have  they  ? 
You  will  find  two  .sets  of  legs ;  one  set  on  tlie  thorax  and 
the  other  .set  on  the  abdomen.  Which  of  these  are  the 
true  legs  ?     What  is  the  purpose  of  the  other  set  ? 

The  Chrysalis.— When  the  caterpillars  have  attained 
their  full  size,  place  a  few  in  a  paste-board  box  and 
continue  to  feed  them  with  leaves  taken  from  the  vine. 
In  a  few  days  you  will  open  the  box  to  find  several,  or  all 
of  the  caterpillars  wonderfully  changed.  You  will  tind 
instead  of  the  insect  you 
placed  in  the  box,  some- 
thing like  Fig.  24.  This 
is  the  pupal  stage  of  the 
life  of  the  cabbage  butter- 
fly.    To  prepare   for  this 

the  caterpillar  had  to  feed  voraciously  so  that  abundant 
fat  would  be  stored  up.  When  ready  to  become  a  pupa 
or  chrysalis,  so  called  because  of  the  golden  spots  that 
mark  the  pupre  of  many  butterflies,  it  spins  a  mass  of 
silk  which  it  uses  to  fasten  itself  to  some  friendly  wall, 
ceiling  or  even  pantry.  The  whole  process  may  be 
readily  made  out  should  the  student  be  fortunate  enough 
to  discover  a  caterpillar  at  work.  The  marvel  is  that  so 
awkward  a  creature  can  do  a  piece  of  work  so  fine. 

Should  the  caterpillars  roach  the  pupal  stage  about 
the  end  of  August,  or  at  the  farthest,  during  the  first 
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week  of  September,  the  clmnce.s  are  tlmt  the  final  stacre 
of  the  buttorHy-life  may  b(.  readied  in  a  week  or  ten 
days.     Do  not  be  disappointed  if  this  does  not  happen 
until  the   following,  spvincr.     Pi,,ce  the  box  in  a  room 
wl^re  the  temperature  will  not  vary  much,  and  exercise 
sufticient  patience  until  sprin^r  may  have  time  to  brinL' 
t.ie    reward.     A    study    of    the    cabba<re    butterfly    is 
practically  a  study  of  every  moth  and  butterfly;  all  pass 
through  the  stages  of  egg,  larva,  pupa,  and  imago  or  fly. 
The  Remedy.-As  the  caterpillars  of  the  small,  white 
cabbage  butterfly  bore  into  the  cabbage  heads  and  thus 
make  the  application  of  the  usual  Paris  green  insecticide 
dangerous,  it  may  not  be  out  of  place  for  the  student  to 
become  acquainted  with  a  better  remedy.     The  cabbac^e 
caterpillar  is  really  one  of  the  easiest  pests  to  brincr  under 
control.     As  soon,   therefore,  as  any  cabbage  butterfly 
larvae  are  noticed,  dust  the  cabbage  plant  or  the  canary- 
bird  vine  with  a  mixture  of  one  pound  of  pyrethrum 
insect   powder,   mixed    thoroughly    in    four   pounds   of 
cheap   flour,   and   placed    in    a    tightly    closed    jar   for 
twenty-four  hours.     The  powder  is  then  ready  for  use 
and  may  be  dusted  over  the  plants  with  a  cheese  cloth 
bag  tapped  lightly  with  a  slender  stick.     The  value  of 
this  remedy  is  its  harmlessness  to  human  beings  and  to 
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the  higher  animals. 


Questions. 


n?    fl  .,       *"  '"'   ''"''-'""""^   "^   *'"-'   ''^e   history  ,.f  the  c.tbh.i.re 

butterfly.      3.  Cn.paro    the  butterfly  and    the  fn as.shu.me         he 
butterfly  a„,l  the   house-fly.     4.   Whlvt  i.  the  differi^'     tw.t 

rroth      b.  C.xn  you  distinguish  male  from  female  butterflies?     7 
\\ould  you  expect  a  difference  in  color  here?     Why  i     8.   What  is 
the  difference  m  the  ways  moth,  and  butterflies  light  upon  flowers? 
V.   What  are  the  enemies  of  the  cabbage  butterfly  i 


THE  SPIDER. 

The  Spider's  Bite. —Anion*,'  the  multitude  of  insects 
of  the  field,  none  are  perhaps  more  dreaded  by  people  in 
general  than  the  spider.  Spiders'  bites  are  considered 
fatal ;  or  if  not  fatal,  moi-e  or  less  poisonous  and  to  be 
avoided  if  possible  by  giving  spiders  a  very  wide  field. 
For  this  reason  people  have  not  given  the  spiders 
a  fair  chance.  Had  spiders  this  chance  we  feel  assured 
that  they  would  give  a  much  better  account  of  them- 
•selves  than  is  conunonly  reported.  It  is  true  that 
spiders  can  bite.  If  tliey  could  not  do  this  they 
would  have  a  very  serious  time  trying  to  live.  It  is 
also  true  that  spiders  ensnare  flies  and  other  insects 
and  insert  poison  into  the  wound  inflicted  in  order  to 
make  sure  of  their  prey.  l>ut  it  is  not  true  in  the  case 
of  northern  latitude  spiders  at  any  rate,  that  this  poison 
is  a  menace  to  human  life.  The  tarantula  is  shunned 
and  rightly  so,  but  our  liouse  ami  field  spiders  belong  to 
no  such  class.  The  spiders  we  shall  study  are  practically 
harndess,  but  this  does  not  mean  that  we  are  encouratred 
to  catch  s])iders.  Leave  the  spiders  alone  at  their  work 
if  you  would  know  something  of  spiders.  As  our  study 
of  the  spider  «levelops  we  think  we  shall  all  agree  that 
th«;  spider  luis  not  deserved  the  many  evil  things  ascribed 
to  it  by  tradition,  sui)erstition  and  ignorance  We  shall 
find  as  we  go  along  that  the  variety  of  dried-up  skeletons 
found  in  almost  every  spider's  web  suggests  the  spider's 
varied  bill  of  fare;    that  the  spider  does  nmch  to  keep 
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in  chiTk  iimny  insect  jH'sts,  .iikI  lu'nc(>  must  Iw  n-jriinicd 
as  nians  iVicnd  instead  of  liis  enemy.  \V«-  shall  also 
find  that  the  distiihution  of  the  spider  is  very  extensive. 
Spiders  are  found  almost  everywhere.  A  few  live  in 
the  fresh  water.  The  n-mainder  live  upon  tlie  liiiid 
and  aImo.st  all  live  upon  the  juiees  of  inseet  life.  One 
neetls  to  jrive  ^r„od  heed  who  would  lejirn  to  know 
how  lar;,re  a  part  spiders  really  play  in  natures 
eeonomy.  Spiders  are  amon^r  the  most  numerous  of  the 
tenants  of  the  earth,  and  a  fair  idea  of  their  nund)er 
may  be  j;ues.sed  by  the  webs  se«'n  on  the  <rrass  on 
dewy  mornings.  Indeed,  the  whole  landscape  isTcvered 
with  the  handiwork  of  spiders,  and  there  is  scarcely  a 
spot  where  spiders  hav(>  not  secure.!  a  home.  To  supply 
so  great  an  army  with  food  is  no  small  thing,  and  the 
insect  life  destroyed  nmst  be  enormous. 

Orb-weavers.— Spid.rs  may  be  divided  m-cording  to 
habits  into  wanderers  who  .spin  but  little,  and  lu^nie- 
makors  who  spin  a  great  deal.  As  one  of  the  most 
important  uses  made  of  the  thread  is  web-building,  and 
as  spiders  are  often  known  by  the  character  of  tlie  web 
built,  a  few  observations  along  this  line  may  be  of 
service.  Who  has  not  seen  the  web  of  the  orh-huilders. 
Few.  if  any.  structures  are  more  wonderful,  but  these 
webs  are  so  connnon  that  little  is  known  regarding  their 
construction.  Most  people  know  that  the.se  webs  are 
somewhat  like  a  wheel,  but  this  is  about  the  extent  of 
the  general  knowledge. 

The  orb-build(u-s  tirst  select,  we  may  suppose,  a  suit- 
able spot  along  some  insect-travelled  highway  Having 
made  a  choice  the  foundation-cables  are  put  into  place. 
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Tlu'sc  )ir(i  iiiJirktMl  in  Ki<j.  25.  Ilnw  an-  tlii-y  put  into 
|)l)U'(i  !*  'I'Ik;  next  luovv  ih  to  svviii;;  tlif  lirst  ray  lino 
across  Jin< I  fix  this  si-curt'ly.      Irnli'('fl,  no   Kii<l<^«!  ItuiMer 


Flo.  5.1.     Web  of  Orli  wp,i\fr. 

couM  he  more  ciin-ful  than  tho  orl)-\vcavtis  st-cni  to  h<; 
with  their  main  threads.  Another  and  yet  anotlier  r;\y 
is  put  into  phice,  and  all  are  made  to  intersect  at  the 
centre  of  tlie  \veh.  Startin;^  from  the  centre,  the  weaver 
moves  from  ray  to  ray  in  a  s[)iral,and  fastens  the  thread 
to  the  rays  as  he  moves  alon<^.  '  >n  reaehinj^  the  circum- 
ference the  spider  vvoiks  hackward  toward  thir  ceiiiru, 
leavinjf  a  much  closer  spiral,  and  hitin;.' i-tf  the  former 
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toniponiry  <>m\  Tin'  stcimd  .spir.il  is  moit'  viscid  iind 
jullu'sivc  tlijiii  llic  first.  Tsualiy  (lie  \v<l»  is  coinplctcd 
by  placiii*,'  an  iiici^nilar  riiilxm  of  silk  over  tlu;  cfiitn'. 
Tliis  tlu'  spider  inai<i's  l>y  kcfpiii<r  (he  spiiiiu'iets  w«'ll 
separated.  Soinetiines  tlie  dwner  rests  upon  this  centre 
and  waits  for  some  passinjf  insect  to  hlundcr  into 
tl»e  \vel>. 

Otlier  <irl)-\veavers  linve  a  retreat  into  wliicli  tliey  i;o. 
This,  however,  connininic.ites  with  the  weh  l>y  means  of 
certain  main  threads  wliieli  viltrate  wlienever  somethiiM' 
lias  heen  cauj,dit  hy  the  meshes  of  the  main  weh.  When 
an  insect  falls  into  the  weh  it  is  honnd  lo  come 
into  contact  with  a  part  of  a  sticky  line  (all  the  lines 
need  not  he  sticky).  The  lim-  adheres;  the  insect 
strnjr<jles  to  free  itself  and  likely  touches  a  second  line. 
By  this  time  the  master  of  the  honst;  has  arrived  on  the 
scene.  Why  was  he  not  can<,dit  in  his  own  wed);* 
Observe  his  behaviour  toward  a  captured  fly. 

The  Cob-web  Spider. — Another  connnon  spider  is  the 
coh-'Cel)  nranr  of  the  house.  What  a  iniisanco  this 
spider  is  to  the  cap'ful  housekeeper.  How  persistent 
the  cob-web  weaver  is  in  buildinj;  aj,'ain  and  a<i;ain  after 
the  web  has  been  swept  away  by  the  merciless  broom. 
The  web  of  this  spider  has  not  the  artistic  finish  of 
the  orb-web  and  may  be  viewed  as  a  shapeless  maze  of 
tlireads.  Jt  is,  nevertheless,  well  adapted  to  the  8narin«j 
of  insect-life,  there  bein^f  abundant  evidence  of  this  fact 
in  every  one  of  these  webs.  In  studying  these  webs 
observe  how  tlie  spider  moves  about  in  Oiem,  an<l  also 
whether  the  place  selected  is  or  is  not  favorably  situated 
for  the  spider's  business. 
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The  Funnel-web  Spider. — Anotlicr  spider  is  tli<! 
fuvnel-weh  imirrr  <ir  jfnisH  spK^-r.  Oltcii  in  suiiiiiiur 
iii<)rriiti;is  i\w.  j^iass  sffiiis  to  Ix;  covcn-d  witli  a  j^n-at 
many  littl<'  sheets  )l"  .sliiny  silk.  I'eiliapH  nono  of  us 
even  snsjM-cted  thai  so  many  spideis  were  in  the  neij^h- 
lK)rhoo<l,  hut  tile  (hops  of  dew  aidt^d  our  ohservation. 
On  oxamininjf  one  <)f  tliese  we  sliiill  find  tiiat  it  is  a 
closely  woven  siieet  made  of  threads  rnnninj^  in  all 
din^etions;  that  it  is  atlaehed  hen;  and  there  to  spears 
of  1,'rasH,  and  supported  hy  numerous  j^iiy-lineH;  and  that 
from  one  sidt!  a  funnel-siiaptMl  ha;;  reaches  downward. 
This  fujuiel  L;ives  hotli  weh  and  spider  their  names. 
The  funnel  is  tin;  spider's  plact;  of  nitn.'at;  it  has  a 
back-door  conniuniicatin^  with  th(^  open  world,  a  capital 
place  when  the  owner  is  hard  jjressed.  These  are  s<jme 
of  our  connnonest  spiders.  Others  may  easily  be  added 
by  tlu'  student. 

Cephalo-thorax. — 'i'he  spidin's  body  reminds  us  of  the 
bo<ly  of  an  inst^ct,  but  Uw  spidir  is  not  a  true  in.sect. 
Count  the  spider's  le^rs  for  iiistanct;  and  compare  tliis 
number  with  the  six  le^^s  of  iiii  insect.  In  the  spider, 
head  and  thorax  art;  more  or  less  united  into  one  piece, 
calle<l  the  er.phalo-'hora.r.  'I'he  aljdominal  part  is 
separated  from  this  portion  by  a  very  narrow  waist. 
Th(!  hard,  horny  covering  varies  In  coloring  and  hairy- 
ness  and  is  renewed  by  fvecpient  moults.  Should  you 
come  aciuss  such  a  coat,  examine  it  in  order  to  determine 
how  it        s  removed. 

Head.  Spiders  have  two  pairs  of  jaws  which  move 
sidtjwise  like  the  jaws  of  certain  insects.  The  fust  pair 
are   callcil    maiidibles.     Each  mandible  consists  of  two 
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segments,  a  strotii;  secrinent  at  the  base  and  a  claw-shaped 
one  at  the  end.  At  tlie  tip  of  this  the  poison  <;Iand  opena 
The  second  pair  are  the  niaxillaj.  These  are  placed  just 
behind  the  mandibles  and  eacli  boars  a  lar<'e  feeler  or 
palpus.  These  palpi  vary  very  much  in  form  and  often 
resemble  a  fifth  pair  of  lej^s.  In  the  male  spiders  the 
last  sefrment  of  the  palpus  is  more  or  less  enlaiored  and 
ends  in  a  knob-like  structure.  In  this  way  the  sex  of 
the  spider  may  be  readily  determined.  Most  spiders 
have  four  pairs  of  eyes.  These  appear  as  very  bright 
spots  on  the  front  of  the  cephalo-thorax. 

The  Spinning  Machine.— The  most  characteristic 
feature  of  spiders  is  their  spinning  apparatus.  The 
silk  is  an  organic  substance,  that  is,  it  is  made  by  a 
living  thing,  just  as  Japanese  silk  is  made.  The 
silk  is  secreted  in  glands  within  the  abdomei,,  and, 
while  in  the  body,  is  in  a  liquid  condition.  The 
spinnerets,  which  are  movable  organs,  may  be  seen 
in  the  rear  of  the  spider's  b<xly.  These  are  perforated 
by  numerous  tine  tubes  which  coimect  with  the  silk 
glands.  Compression  of  the  silk  glands  causes  a  flow  of 
liquid-silk  through  the  fine  tubes  (spools)  of  the  spin- 
nerets. The.se  delicate  threads  unite  by  contact  and  not 
by  winding  and  form  a  compound  strand  of  wonderful 
strength.  An  ordinary  thread,  a  thread  just  visible  to 
the  naked  eye,  is  a  union  of  a  thousand  or  more  of  these 
delicate  streams  of  silk.  Occasional ly  the  sevei-al  threads 
of  the  spinnerets  combine  to  form  a  much  stronger 
thread.  These  primary  threads  are  drawn  out  and 
united  by  the  spider's  hind  logs.  Before  beginning  to 
spin,  the  spider  often  presses  the  spiruierets  against  the 
surface  to  which  the  thread  is  to  adhere,  and  draws  the 
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.filaments  out  by  slowlj'  Tiioviutif  away.  The  legs  are 
made  much  use  of  in  extending  and  guiding  tlie  thread, 
and  some  spiders  have  a  special  comb  of  stiff  hairs  on 
their  hind  legs.  The  purpo.se  of  these  hairs  is  very 
evident.  Figure  26  may  be  of  some  assistance  to  the 
student  in  locating  the  various  features  mentioned. 


Fio.  2& 

Spider-motherhood.— With  spiders,  the  mother's  care 
u.sually  ends  in  laying  the  eggs  and  safely  disposing 
them  in  a  bag  or  cocoon  of  silk.  You  may  find  these 
very  elaborate  bags  attached  to  the  webs,  to  stones  and 
also  under  the  loose  bark  of  the  trees.  The  sacs  attached 
±o  stones  are  disk-shaped,  silvery  objects.  Tho.se  of  the 
orb-weavers  are  placed  in  the  web  and  those  of  the  cob- 
web weavers  in  various  place.s.  ShouM  you  find  one  of 
these  bags,  watch  it  clo.sely.  Find  out  if  tlie  young 
spiders  undergo  a  metamorphosis  somewhat  similar  to 
that  piissed  by  the  mos([uito,  the  house-fly  and  the 
butterfly.  Look  also  for  any  signs  of  cannibalism  in 
the.se  .spideix 

Various  interesting  experiments  may  be  made  with 
spiders.     The  following  is  suggestive  : — 

Stick  the  nib  of  a  pen  in  a  potato  and  set  the  two  in  a 
bowl  of  water,  the  pen-stalk  being  kept  in  a  vertical 
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pasition.  Pour  water  into  the  Im)\vI  until  tlio  potato  is 
Jiist  »ov»Me<l  iiicfly.  Placv  a  spider  on  tli.-  mast-In  jkI  of 
tliis  .suldiifrjrtij  vcssol  and  .see  if  tlu'  spi<|t'r  can  )n^i 
ashon".  If  tilt'  spider  sliould  not  snff»i'<l  in  the  course 
of  a  day  or  so,  set  the  l>owl  on  the  \vind(»\v  sill  ;  otx^n 
the  window  a  few  inches  and  observe  wfiat  will  shortly 
happen. 

Value.— Si)iders  injure  no  plant-fool  or  other  prtxjjict 
of  hunmu  industry.  In  tli.-  pursuit  of  their  daily  work, 
spiders  are  not  t)nly  without  hurtful  (lualities,  they  are 
also  enga<,'ed  in  a  ceaseless  warfare  upon  the  enemies 
of  man's  comfort,  success  and  «;eneral  well-hein^'.  Kven 
when  spidei-s  invaile  our  homes  they  do  so  to  rid  the 
house  of  what  may  l»e  dan^^erotis  insect  <;uests.  No  one 
who  has  made  even  a  partial  study  of  the  work  of 
spiders  can  speak  dispara<,'in^ly  of  this  work,  and  it  is  a 
pity  that  tliese  benefactors  of  our  common  humanity 
should   be   the   subjects  of  i<;norant   hate   an<l   slain   at 


siijht. 


Questions. 


1.  Can  II  .si.iiler  crawl  out  '.f  a  tmuhlor  ?  2.  Coin]wtre  tlio  spi.ler 
aiulthegrasshoppor.  .'5.  Is  a  y..iin<,' spidi-rlike  the  adult  /  \.  What 
have  ydu  seen  .spiders  tlo  to  the  iiiseot.s  capti.red  ?  ;"».  De-scrihi'  any 
spiders  web  that  y<ni  have  studied  and  point  <>ut  any  adva-.fta','e.s 
secured  by  ir.s  p<»8ition.  (1.  I'.iint  out  th.'  featuns  that  make  the 
spider  the  friend  of  niui.  7.  Tarantulas  ,ue  soniitimes  found  in 
the  colder  temperate  zone.     How  do  you  account  for  this  t 


THE  MOSQUITO. 

The  Importance  of  the  Common  Things.— TIk-  com- 
mon, tliiiij^s  of  the  t'veryday  HI'*!  uif  the  thinj^.s  no  (»ne 
can  JiHonl  not  to  know,  and  anionj;  tli»'s<!  \vt;  must  inclu<ie 
that  jM'st  ol'  tht;  Hiinnncr  season  the  nio.s(|uito.  Mos((nit()<'S 
may  he  seen  <liirin;j  any  month  ot"  the  ytiar  l)y  th«'  ravon^d 
fe"'  who  liave  h'arned  to  ohserve.  The  rest  ol"  niankimi 
learn  ol'  the  pi-eat^nce  ot"  the  nios(|uitc)  only  wlieu  m 
|)t'ae<ful  summer  fvcninjj's  n-st  lias  Iw'en  disturlii-d  !.y 
this  insect's  visit.  The  «juestion  of  what  l)ecomes  of  tli< 
mos«|uito  (luiinj^  the  winter  season  is  a  <(uesti.  '.  tliat 
tries  to  explain  how  the  mos(|uito  brid^jes  over  the  ^ap 
from  one  sununer  season  to  another.  To  answer  this  we 
would  suj;<;est  that  students  take  a  passini^  interest  in 
the  various  insects  that  have  j^one  into  some  friendly 
cellar  to  pass  the  winter. 

Many  species  of  the  mosquito  inhabit  the  continent 
of  North  America,  hut  it  is  only  necessary  for  us  to 
learn  the  lile-storv  of  on(!  specie.s.  The  best  time  for 
our  study  is  dunn;^  tlt<'  months  of  June  and  July,  or 
when  the  mos<|uito-season  is  at  its  li»'i<^ht.  At  such  times 
one  does  not  u.sually  need  to  be  told  that  mosquitoes  are 
abroad,  for  the  mos(|Uitoes  will  attend  to  this  matter 
even  too  clo.sely  for  personal  comfort. 

Egg-laying. —  All  life  Ix't^jins  in  the  e;,'<f.  This  is  just 
as  true  of  the  m()S([uito  as  it  is  of  the  huj^est  animal 
the  world  has  ever  reared.  Hut  where  shall  mos(|uito 
e'^'^H  Ije  found  ?  Should  you  expect  to  find  the  ej^<;?<  in 
a  wet  place  or  in  a  dry  place  ^     Have  you  ever  taken 
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a  walk  through  the  long  grass  during  the  mosquito 
season  ?  How  did  you  account  for  the  myriads  of 
mosquitoes  that  you  stirred  up  in  your  walk  ?  How 
do  you  suppose  these  insects  got  there?  Are  mosquitoes 
more  partial  to  cloudy  weather  than  to  sunny  weather  ? 
Do  they  show  any  special  preference  for  a  particular 
part  of  the  day  i*  Are  more  to  be  found  durintr  a  wet 
season  than  during  a  dry  season  ? 

To  get  the  eggs  place  a  pan  of  rain-water  in  the  open 
air  on  the  lee  side  of  the  house,  and  let  it  remain  there 
throughout  the  night.  In  the  ntorning  you  will  likely 
see  what  appears  to  be  bits  of  soot  on  the  water-surface. 
The.se  are  the  eggs  of  the  mosquito.  Remove  them  with 
a  teaspoon,  and  place  them  in  a  tumbler  two-thirds  full 
of  rain-water.  Examine  the  egg-mass  with  a  small 
hand  lens.  Note  the  shape  and  point  out  the  advantages 
of  such  a  .shape.  How  many  eggs  form  one  egg-boat  or 
egg-raft  ?  Is  this  number  to  be  depended  upon  ?  Detach 
one  of  the  eggs.  Observe  its  shape  and  satisfy  yourself 
that  such  a  shape  fits  into  the  boat-shape  of  the  ma.s.s. 
Can  you  make  out  how  the  eggs  are  protected  fiom  the 
water?  Look  for  mo.squitoes'  eggs  on  the  surfaces  of 
puddles,  ponds  and  quiet  waters  generally.  An  old  tin 
can  with  a  littie  water  in  it  may  be  the  broeding-pond 
of  the  mo.s(|uito.  Find  out  whether  the  egg-nuisses  are 
found  in  such  places  as  would  expose  them  to  thf  wind 
and  thus  upset  them.  Invert  one  of  the  egg-masses  and 
observe  whether  any  si'rious  results  follow.  How  did 
the  moscjui'o  {)lace  the  eggs  in  the  raft  ?  What  keeps 
the  eggs  togethei-  :* 

Larvae.— To  study  the  development  of  the  eggs,  cover 
the  tuml)ler   with   a   piece  of  cheese-cloth  and  do  not 
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place  it  in  a  window  where  the  water  might  get  too 
warm.  Why  are  these  precautions  taken  do  you 
suppose  ?  As  the  eggs  were  probably  layed  in  the  early 
morning,  you  should  be  able  to  determine  how  long 
mos(iuito  eggs  take  to  hatch,  and  to  what  extent  the 
weather  con<litions  hurry  or  retard  the  process.  Be  sure 
to  watch  just  how  the  mosquito  larvae  escape  from  the 


eiTirs. 


The  next  stage  is  the  well-known  "wiggler"  stage. 
This  stage  shows  two  wiggler  forms.  The  tii-st  form  is 
what  is  called  the  larval  stage,  and  the  second,  or  more 
developed  is  the  pupal  stage.     These  forms  are  pictured 


in  Figs.  26  and  27. 


Kio.  26.— Larva, 


Fio.  27.— Pupa. 


What  shall  we  look  for  in  tlie  first  of  these  stages  ? 
Look  for  the  cause  of  every  niovement  on  the  part  of 
the  larvju.  Satisfy  yourself  of  the  fitness  of  these  little 
animals  to  their  mode  of  life. 

Feeding.— ]Mos(|uitoes  and  their  young  are  often  seen 
in  and  about  rain-water  barrels.     They  would  not  be 
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found  there  if  rain-water  did  not  contain  food  of  some 
kind  ;  hut  what  food  :'  Have  yon  ever  observed  the 
amount  of  black  nnid  thiit  lies  at  the  bottom  of  I'ain- 
larrels  ;'  Where  do  you  suppose  this  came  from  ?  How 
does  it  affect  the  purity  of  the  rain-water  ?  What  makes 
the  water  of  sucli  barrels  smell  so  offensively  (  Perliaps 
you  now  see  where  the  wi;^<;lers  j:;et  tlieir  food  and  why 
tb.e  mother  mosquitoi's  were  so  partial  to  the  rain- 
barrels.  This  food  is  niiei'osoopic  in  size  and  consists  of 
decayiii}^  vej^etable  matter  and  the  microscopic  forms  of 
life  that  are  sure  to  infest  such  water.  How  does  the 
wigtfler  take  his  food  i  A  hand-^dass  cautiously  held 
near  the  wi^'^lers  will  probably  make  tin-  procrss  plain 
enou<;h.  The  liairs  about  the  wi<r<rlcr"s  mouth  are  in 
constant  n.  i/ion  and  hundreds  of  small  partifjes  ol'  food 
are  carried  into  the  insect's  mouth. 

Breathing. — Do  the  wij^jflers  breathe  like  a  fish  or  do 
tliey  br-athe  like  a  land  animal  '.  Watch  them  cume  to 
the  surface.  Is  this  a  laljon-d  process  or  is  it  done  easily  l 
Find  out  just  how  the  breathin<;  takes  place.  Notice  that 
the  tail-end  of  the  in.sect  is  the  eiul  that  touches  the  water- 
surface.  What  does  this  mean  i*  Notice  the  projection, 
(rt)  of  Fit,'.  26.  This  is  the  sjn>h(m  or  brcathinj,'  tube. 
The  syphon  ends  in  a  rosetti'  ol"  tlvc  plate-like  lobes, 
which,  Vvhen  they  reach  the  surface,  spread  out,  thus 
helpint;  the  luioyaiicy  of  the  wij;^der  and  at  the  .same 
time  j,dviii^'  it  more  air.  Endcaxor  to  keep  the  wii,'i,ders 
from  the  surface.  At  tirst  they  arc  fri;,ditened,  but  the 
approachinjf  suffocation  forces  them  to  brave  every 
danger  and  up  they  will  come. 

The  larva'  of  the  nios(|uito  develop  very  ra|)idly 
providing  the  weather  conditions  are  favorable.     After 
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a  few  moults  tin;  awkward  shapeil  pupa,  witli  its  f^reatly 
oiilar<ro'l  head  and  tlioi-ax  is  the  result.  Wluiu  this  staije 
is  reached  make  comparisons  of  the  two  forms.  Which 
is  the  more!  active  ?  Which  form  rises  to  the  .surface 
the  eaiiier  :*  Whicli  jjoes  to  tlie  bottom  tlie  easier  ? 
Wliat  do  you  infer  from  this:*  Notice  the  winijs-pads 
on  tlie  sides  of  the  tliorax  of  the  pupa.  Do  tlie  pupa3 
make  the  .same  use  of  the  surface  of  the  water  that  was 
made  by  the  laivje  :*  The  pup;d  sta^fe  lasts  but  a  few 
days.  Ind<'ed,  in  ideal  weather  and  abundant  food 
sup[ilies  both  sta;j;i's  are  covered  in  from  seven  to 
fourteen  days.  Is  there  any  wonder  that  mos(pnt<K*s 
.soon  appear  in  myriads  f  Watch  for  the  emeryence  of 
the  tly.  The  skin  of  the  pu[)a  splits  down  the  back; 
the  win^e<l  insect  carefully  works  itself  free,  and  after 
using  the  east-oli'  shell  as  a  raft,  dries  its  winj^s  and 
tiieii  Hies  away. 

The  Adult.  Wliile  enj;a<;ed  in  studying  the  develop- 
ment of  the  mosijuito  from  the  egg  do  not  forget  that  the 
aihdt  mosquito  has  many  features  worth  observing. 
Note,  therefore,  the  three  sections  of  the  Itody  and  lind 
out  whicli  division  bears  the  legs  and  which  the  wings  ^ 
How  many  wings  has  a  moS([uit<j  ^  Notice  the  vein.s. 
What  do  you  think  thesf  are 
f(;r  {  J)o  you  see  the  hairs  at 
the  margin  of  the  wings  and 
on  the  wing-veins  ?  Examine 
the  probosci.s.  What  is  seen 
is  the  sheath-like  lahium  or 
lip.      Within  this  are  six  tine 

lu'fille-like  organs  which  the  moscjiiilo  Uses  for  pi»;rcing 
the  skin.     Fig.  2!S  will  niak<'  t  lis  plain. 
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Take  note  of  the  position  of  the  mosquito's  lej^s  when 
in  the  resting'  posture  and  also  wht'n  engaj,'ed  in  blood- 
letting. Examine  the  antenna'  with  a  small  microscope 
and  compare  with  the  cut  given  under  Fig.  28.  How  far 
is  the  cut  an  imperfect  one  ?  How  far  are  moscjuitoes 
sensitive  to  sound?  Is  there  anything  in  the  saying 
that  an  animal  able  to  make  a  sound  nnist  also  be  able 
to  hear  sound  ?  Do  moscpiitoes  appreciate  odors?  What 
evidence  have  you  been  able  to  coUtict  on  this  point? 
Do  mo.squitoes  seem  partial  to  color?  Do  they  attack 
for  example,  persons  in  black  more  readily  than  those 
dre.ssed  in  white?  Do  they  fly  far?  What  do  you 
know  of  their  speed  in  flight?  In  how  far  is  their 
behaviour  guided  by  weather  conditions  ?  Can  you 
distinguish  between  the  male  and  the  female  mosijuito  ? 
Look  for  a  diflference  in  antennse  and  a  ditt'erence  in 
proboscis.  The  antennw  of  the  male  are  very  feathery 
and  the  proboscis  is  not  adapted  to  the  sucking  of  blood. 

Place  in  Nature.— After  having  studied  the  round 
of  life  of  the  mos(iuito,  it  will  be  interesting  to  make 
a  few  general  observations  as  to  the  place  this  insect 
occupies  in  nature.  All  living  things  must  subserve 
some  useful  end  or  be  Anally  eliminated  in  the 
process  of  advancement.  In  the  long  run,  the  weak, 
the  useless  and  the  harmful  must  perisii.  This  is 
nature's  inevitable  law,  and  so  far  as  man  aids  in  en- 
forcing this  law,  he  should  do  it  mercifully.  To  wliose 
benefit  must  the  world  of  nature  finally  contribute? 
There  can  be  but  one  answer  to  this  (juestion.  Man, 
standing  at  the  head  of  the  animal  species,  rightfully 
claims  sovereij,'nty  over  this  great  kingdom  and  demands 
that  the  brute  creation  as  well  as  the  domain  of  plants 
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shall  in  the  loiij^^  rmi,  subHorve  liis  eTi.Ks.  To  extoriiiinate 
any  animal  or  plant  tliou«;litlt'.ssly  is  a  <lan«,'erous  procetsn. 
All  life  is  sacred  and  should  never  be  extinirnished  except 
when  necessary.  But  iioLliin-;  has  the  right  to  interfere 
with  the  ri^rhts  of  another,  and  man  detennines  when 
one  thing  has  overstepped  its  piopci-  bounds.  Alan 
determines  what  helps  and  what  hinders  the  advancement 
of  the  world  an<l  the  well-being  of  the  human  raee,  by 
studying  the  life-histories  of  the  varitnis  forms  of  life, 
and  so  learns  the  power  of  each  for  good  or  for  evil. 
With  this  .standard  in  mind,  try  to  .sum  up  what  the 
mo.s(|uito  does  for  the  genei-al  betterment  of  nature.  To 
a.ssist  in  this,  we  would  ask  sUuh'iits  to  make  .such 
experiments  as  the  following: — 

Take  two  tuml)lers  of  water  from  an  old  I'ain-barrel. 
Place  wigglers  in  one  and  l.-.ive  the  other  unsl,ocke<l.  In 
a  few  days  test  the  two  sampits  for  coljr,  smell  and 
general  puiity.  It  will  ],e  found  that  the  tumbler 
containing  the  wigglers  is  tiie  mem;  wholesome  of  the 
two.  What  has  taken  place  :-  What  statement  can  be 
made  as  to  the  work  of  wigglers;'  Is  there  mueli  need 
that  such  work  shoul.l  b.-  done  f  Can  this  difficulty  b<! 
remedied  by  any  otliei-  means  than  the  a.ssistance  of  the 
larva;  of  tin;  mo,s(piito  ^ 

On  the  other  side,  gather  all  the  information  available 
as  to  the  extent  to  wliieh  hors.-s,  cows,  human  beings, 
etc.,  are  ainioyed  and  inJunMl  by  the  presence  of  the 
mos(|uito.  Is  the  piercing  apparatus  of  the  mosiputo 
likely  to  be  as  free  fj-oni  injurious  matter  as  a  sur^^eon's 
knife  ought  to  be  (  \Vh„t  may  br  the  etrcct  (..f  making 
even  a  small  wound  with  ati  iiistruni.iit  that  is  no' 
disinfected  ;'     How     ilo    mos.piituus    affect    hor.ses    and 
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cows  ?  Does  tl.is  make  these  animals  better  able  to  do 
the  work  expecu-a  of  them  ?  Doi-s  the  work  of  ri.id.n- 
the  waters  of  the  nei-hborhood  of  their  poisonous 
tenants  counterbalance  this  discomfort  and  loss  ^ 

Place  wi<r<rlers  in  the  aquarium  with  th.-  tadpoles  and 
the  other  creatures.  What  happens^  Does  ihis  ji.stify 
the  continuation  of  mos-iuit..  life  in  any  way  '  Should 
your  work  lead  vou  t-.  th.'  conclusion  that  th-  mos<iuito 
really  <loes  more  harm  than  good,  how  uould  you  sugjrest 
an  improvement  :* 

Place  a  few  wi-ders  in  a  small  bottle  of  rain-water. 
Drop  in  a  few  drops  of  coal  oil  and  note  results. 
Explain  what  has  happeTied  and  slrnw  how  this  may  be 
used  to  ri.l  the  ponds  of  the  neij,d)boihood  of  their 
v.i.rcrlers.  Is  there  any  objection  to  this  plan  '.  Can 
you"  uggest  another,  a  plan  that  is  based  upon  the  fact 
that  dry  seasons  are  unfavorable  and  wet  seasons 
favorable  to  mos(iuito  life  ? 

Questions. 

1  It  is  said  tl.at  .nos.,uir..  .-..a-^ons  arc  t,'-"l  "'""•'^  «'-^-""'- 
Explain.  2.  Cmparo  the  u..>,u.o  an,l  the  tly  TLe  --p..|-' 
ami  the  .rassho,,i,er.  :?.  What  is  the  nu.s.,w,tu  ha«k  ?  4.  What 
istliea.U,lt  ,nos,uit..'s  natural  fu.-.W  r>.  What  have  y..u  rea.l  ef 
the  mos,i«ito  and  malaria  ?  ( »f  the  n...s.,uito  un.l  yellow  fever  ... 
Write  an  aeonunt  uf  the  life-history  of  the  n.os.iu.to.  . .  llow  lo,,.^ 
does  a  n>os.,uit.,  live  J  8.  Why  are  niuSHuitues  .so  nunarous  >n  the 
summer  weather  / 
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Pond  Life.    -Animal  life  i.s  not  cnfincl  .-ntiivly  totli^ 
earth  an.I  tlu-  air:   tl..-  wat^r,  t..,,  l.as  its  ,nvn  sp.rial 
urn.s,  l.„t  nnu-1.  ..F  this  or.linary  people  arc  i.n.orant  of 
heeause  th.y  have  n.-ver  taken  the  trnublr  to  ham  sun.e 
:.r  the  secrets   heM   hy   every   p<.n.l,   slou-h,   er,ek   and 
l-'i.l.lle.      To  stu.ly  pon.l  hTe  propcrlv  one  nM|ni,vs  son.e- 
thn.jr   .-Is.'    hesi.l....;    |..is,M,.    to    spm.l    hour   after    hour 
vvatehm-   the    various    watcr-lovin.-   er-aturrs.      Such   a 
stu.ly  IS  of  ours.,  nrecssary.  hut  ynun-  st.i,i..nts  will  ,lo 
•"■tter  w.,rk   an.I    haxe  ^vat-r  success    if   ,1,,.   p„n.|   he 
supplen.ente.1    hy    l),,    schon,-p- ,,,.1    .  ,r    a.|Uariun,.    where 
tl'"  '"'I'aviour  of  cTtain   pon.l   snails,  hsh,  ta.|p,,ie.s.  etc 
may  be  stu.lie.j  ni.cv  li-isintiy. 
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The  term  aquarium  oftfu  suj,'ge.sts  a  stran<;('-lt)okiii<; 
^'lasH  bowl  containing  «;o!(ltish,  impossible  roekwork  and 
curious  water  plants.  Such  a(iuaria  may  be  o£  value 
as  an  adornment  to  the  home,  and  a  source  of  entertain- 
nient  to  the  family;  but  the  a(iuarium  we  have  in  mind 
is  for  use  rather  than  for  ornament;  it  is  for  the 
studer»t's  special  work,  and  few  fhin»^'s  are  more 
intorestii^g  than  a  properly  constrvicted  and  carefidly 
managed  acjuarium.  Such  an  minarium  can  not  care 
for  itself  any  more  than  cati  a  kitchen.  Some  little 
care  must  be  taken,  yet  few  things  are  less  troublesome 
to  keep  in  order  when  once  set  up.  Care  must  be  given 
regularly  and  daily,  for  without  this  attention  the  best 
a([uarium  may  become  an  unsightly  and  disagreeable 
object,  its  inhabitants  unhealthy  and  its  usefulness  gone. 

Making  the  Aquarium. — The  best  a([uarium  for  the 
school  is  not  the  costly  tank  that  may  be  purchased  from 
the  dealers  of  sucli  articles.     The  best  t.-»nk  is  the  one 
that  represents  the  constructive  genius  of  the  class  and 
teacher.     How  to  make  such  a  tank  is  a  part  of  the 
purpose  of  this  chapter.     A  cheap,  substantial  aciuarium 
may  be  made  of  window-glass  and  angled  tin.     The  glass 
is  easily  obtained,  and  any  tinsmith  will  know  how  to 
cut  and  "angle"   the   tin    for   the    framework.     Candy 
jars,  fruit  jars,  even  tumblers  may  come  in  as  temporary 
a(|uaria  and  for  individual  service.     Tlie  elass  anuarium 
should  be  at  least  fifteen  inches  long,  ten  inches  deep, 
!ind  eight  inches  wide.     To  eomplete  this  we  retiuirc  two 
plates  of  glass  15  x  10,  two  plati-s  S  x  U),  and  a  bottom 
plate  15  \  H.     In  i-vcrv  case  the  glass  shouM  br  of  double 
thickness,     'i'lie   lin   for   the    framework   should    be  cut 
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from  three-quarters  to  an  iiicli  in  width,  and  tliu  strips 
should  be  angled  and  soldered  by  a  tinsmith. 

To   set   the   glass   in    the    frame,   oment   is   needed. 
Several  varieties  of  arjuatic  cement  are  mu<le   use  of, 
among   which   are  the  following: — Ten   parts   each   by 
measure    of    tine,    dry,    wliite    sand,    plaster    of    Paris, 
litharge,   and    one  part  powdered   resin.      These    ingre- 
dients should  be  well  stirred  together,  and,  as  wante<l, 
mixed     to    the    consistency    of     a    stiff    putty     with 
pure,  boiled  linseed  oil.       This  .is   viid  to   l)e   a  (juick- 
drying   cement,  but  it   may   become  a   little    too    hard. 
Another  cement  sonu'what  similar  to    the    alK»ve  omits 
the  plaster  of  Paris  and  t]u>  driers.     A  thinl  cement  is 
obtained  by  taking  on.'  part  pitch  and  one-fourth  i)art 
gutta-percha,  and     applying    warm.     These    should    l)e 
melted  together  in  a  large  iron  spoon  over  a  gas  flame 
or  the  flame  of  a  large  spirit  lanip.     This  is  a  service- 
able cenvent.  particularly  if  any  portion  of  the  acjuarium 
has  been  made  of   wood.     A  fourth  ci-meiit  consists  of 
red  and  wliite  lead,  the  two  being  mixed  together  into 
a  stiff  paste.     The  bed  for  this  cement  should  1      j)ainted 
with  gold->i/e.      Having  pivparerl  the  cement,  lay  it  on 
evenly  all  icround  th(>  lK)ttoni  of  the  frame  and  pi'ess  the 
bottom  glass  into  place.      Put  the  sides  and   ends  into 
position  in  tlie  sjiine  niie.nier,  and  biaee   tlu'ni  by  means 
of  bits  of  thin   lath  oi-  twigs  mitil   the  cement  has  had 
time  to  set.       Paint  with   lilack  laci|Uer  tli"  whole  frame- 
but    )iailienlar]y    that    part   <>t'      he    fruine   that  will    be 
exposed  to  the  watei-. 

Any   M(|uariinii    re.|iiii-ing  cement  sliotiM   stand   tille<l 
with   water   for  a   week   oi    t<'ii   ila\s.    and    this    water 
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should  be  frequently  changed.  This  is  a  good  test  of  the 
aquarium  and  it  also  ensures  a  perfectly  clean  lionie 
for  the  creatures  which  will  shoi'tly  occupy  the  tank. 
When  sufficiently  tested  and  seasoned  the  aquarium 
should  be  emptied,  washed  and  placed  in  its  permanent 
situation ;  the  latter  by  no  means  an  ea.sy  problem  to 
solve  for  the  light  must  not  be  too  strong  for  the  animal 
life  nor  yet  too  weak  for  the  aquarium  vegetation, 
should  this  be  introduced. 

To  fill  the  tank,  put  in  clean  sand  to  the  depth  of 
from  two  to  three  inches.  It  is  important  that  the  sand 
should  be  clean.  Should  the  .sand,  therefore,  be  procured 
from  the  river-bed  or  even  a  sand-pit,  see  that  it  is 
washed  off  all  impurities  by  adding  clean  water,  stirring 
the  sand  \ip  and  pouring  off  the  nmddy  water  until 
the  water  Ixscomes  (juite  clear.  Cover  the  .sand  with  a 
layer  of  gravel  and  plant  such  vegetation  as  you  think 
neces.sary  before  adding  the  water.  Add  the  water 
slowly  so  that  the  sand  and  the  plants  may  not  be 
disturl)ed.  To  accomplish  this  satisfactorily  follow  the 
suggestion  given   by  the  accompanying  cut.     Fig.  30. 
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tio.  30.— {;>)  Pail  containiner  water.    («)  Syphon  with  small  bore.    (0  Ammriura. 
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In  an  aquarium,  properly  arran<;((l  and  cared  for,  the 
water  should  .seldom  re(|uire  clian<;inf;  if  such  water  be 
taken  from  the  best  possible  source.  The  Ix'st  water  for 
atiuarium  j)uri)oses  is  cfoo<l  river  water;  ne.xt  comes  the 
water  of  a  large  and  clear  pond ;  ne.xt,  rain-water,  and 
finally',  if  at  all,  hard  water  from  a  well.  After  reading 
the  directions  i,Mven,  and  getting  the  idea  of  an 
aquarium,  think  out  the  whole  matter  for  yourself 
and  make  the  very  thing  you  feel  you  re<iuire  most 
of  all.  ])irections  are  useful  only  in  the  way  of 
suggestion.  The  shallow  nquan'um  is  better  for  toads, 
frogs  and  aquatic  insects,  or  those  forms  of  life  that  may 
not  care  to  remain  in  the  water  .dl  the  time.  The  deeper 
aquaria  show  water  platits  and  fish  to  better  advantage. 

Stocking. — We  liave  taken  it  for  granted  that  aquatic 
plants  of  some  kind  should  be  pnst-nt  in  Jin  aquarium. 
This  is  not  necessary  when'  the  aquarium  is  meant  to 
harlx)r  life  for  a  few  days  at  a  time  only.  It  is,  however, 
of  prime  importance  when  the  a(|uarium  is  to  house 
animal  life  for  several  weeks  at  a  stretch.  The  reason 
for  this  is  seen  l)y  even  a  easual  observation  of  any 
natural  pond  where  animals  and  plants  grow  \ip  together. 
Animals  do  not  thrive  in  water  where  no  plants  are 
gi-owing.  Plants  supply  food  for  the  herb-loving  water 
animals.  Plants  give  ofl"  oxygen  which  the  water  retains 
and  which  is  necessary  for  certain  kinds  of  a(|uatic  annual 
life.  Furthermore,  plants  take  up  the  carlx)n  dioxide 
gas  which  escapes  from  the  bodies  of  the  animals,  so 
that  plants  and  animals  are  here  mutually  helpful. 

In  stocking  an  aquarium  with  plants,  we  must  bear  in 
mind    that   there   is   such    a   thing   as  an  equilibriuvi 
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between  plant  and  animal  life  and  that  tliis  equilibrium 
must  not  be  interfered  with.  If  too  many  plants  are 
permitted  to  j,'row  in  the  ac|\iarium,  there  is  bound  to  be 
too  much  shadini,',  and  therefore  more  or  less  injury  done 
to  the  animal  life.  If  the  plants  are  too  few,  the  removal 
of  the  carl)on  dioxide  and  the  adflition  of  oxyi^en  will 
not  be  pi-oi)erly  sccurcMl,  and  a  crj-oen  scum  or  al^'a>,  a 
vegetable  <^rowth,  will  soon  cover  the  watei-  surface  and 
injure  the  a(|Uariuni. 

We  have  mentioned  that  the  introduction  of  plants 
may  not  be  a  necessity.  Indeed,  we  have  often  seen  a 
whole  class  of  boys  and  girls  enthusiastic  over  the  (jueer 
capers  of  a  few  water  boatmen  in  a  fruit  jar.  But  half 
the  pleasure  of  owning  and  caring  for  an  afjuarium  would 
vanish  were  no  plants  thought  neces.sary.  Phuits  <cive 
to  the  tank  nearly  all  its  Ijeauty,  and  water  plants  have 
son)e  features  of  their  own  that  should  prove  most 
interesting  to  the  students.  Almost  every  acpiatic  plant 
may  be  grown  in  the  (piiet  water  of  an  acjuariiun,  and 
may  be  made  more  or  less  useful  there.  Many  of  the 
conunon  pond  or  mar,sh  plants  are  suitable,  particularly 
such  plants  as  would  never  grow  too  large  for  so  tiny  a 
pond  as  the  school  aquarium.  Mill  foil,  water  purslane 
and  stonewort,  in  fact,  any  small,  feathery  water-loving 
plant  will  answer  the  purpose. 

What  animal  life  should  be  added  ?  Is  not  the  purpose 
of  the  a(|uarium  to  help  us  to  get  better  acquainted  with 
the  variety  of  life  inhabiting  the  neighboring  ponds  and 
strean\s  i  Should  we  not  add  anything  in  reason  tliat 
may  be  caught  by  an  old  tin  pail  or  by  a  minnow  net  ? 
We  shall  study  all,  but  we  shall  endeavor  to  find  out 
just  what  animals  it   would  do  to  place  together  in  the 
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tank.  Have  yon  over  heard  of  the  expression,  "a 
struggle  for  life"  ?  Every  species  of  animal,  lives  if  at 
all,  by  a  struggle  at  some  period  of  its  life.  The  meekest 
creatures  nmst  tight,  or  die,  aiid  to  this  rule  there  is 
no  exception.     If  the  increase  example,  of  even  the 

human  race  were  not  checked,  tiiere  would  not  be 
standing-room  for  the  descendants  of  Adam  and  Eve, 
The  main  check  to  increase  are  clhmife,  acting  on  the 
food  supply,  and  other  animal  life  in  competition  for  the 
same  thing,  or  enemies  preying  upon  one  another.  You 
will  see  evidences  of  this  struggle  going  on  even  in  the 
narrow  limits  of  the  glass  walls  of  the  a(juarium.  There 
are  some  animals  which  would  prey  upoi»  their  smaller 
or  weaker  neighbors,  and  even  upon  members  of  their 
own  families.  Should  you,  therefore,  wish  to  have 
harmony  in  the  tank,  be  on  the  watch  for  any  predaceous 
animals  you  may  have  taken  out  of  the  pond  and  place 
them  in  a  tank  by  theniselves. 

Should  you  like  to  know  .something  of  the  life  of  even 
a  very  small  tish  ?  We  have  seen  a  little  fish  scarcely 
an  inch  in  length  delight  scores  of  young  men  and 
women.  It  is  almost  unnecessary  to  say  that  no  form  of 
life  is  mere  attractive  in  an  a«|uarium  than  fish.  Mo.st 
fish  in  captivity  become  quite  tame.  The  little  fellow 
mentioned  above  would  come  to  meet  the  one  who  fe<l 
him  ;  he  would  also  play  by  the  hour  with  his  image  in 
the  glass  wall  of  the  acjuarium.  Should  you  decide  upon 
fish,  .see  that  you  give  them  plenty  of  shade.  Feed  them 
regularly  and  keep  thoir  aciuarium  scrupulously  clean. 
Fi.sh  food  may  Ix;  purchased  at  any  florists,  and  should 
be  fed  to  tht;  fish  in  small  ((uantity  once  a  day.  Hegin, 
at  any  rate,  by  feeding  a  litlle.     If  this  is  all  u.sed  add  a 
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little  more.     Better  be  on  the  skle  of  givinjj  too  little  at 
first  than  too  much. 

Are  you  al.'^-o  intere.sted  in  the  beautiful  shell  of  the 
pond-snail  ?  You  will  fish  .some  of  these  up  with 
other  pond-life.  Feed  them  on  lettuce  and  caV>bage 
leaves.  Should  pond-scum  gather,  put  in  more  snails 
and  they  will  .soon  keep  the  sciun  in  check.  Tadpoles, 
too,  are  ujost  interesting.  Your  only  difficulty  will  be 
to  keep  them  from  climbing  out  of  the  tank  when 
they  have  developed  legs  and  arms  and  feel  like  using 
them.  A  glass  plate  u.sed  as  a  cover  for  the  aquarium 
will  keep  all  secure.  Have  you  seen  the  black,  shiny 
beetle  tliat  whiils  round  and  round  on  the  surface  of 
the  water?  This  is  the  "  whirlijriir  "  beetle.  Find  out 
what  he  has  to  tell  you.  Then  there  are  the  predaceous 
diver.  Fig.  31,  the  water-boatmen  and  other  insect-life  of 


Fio.  31.— (n)  The  predoocouR  Diver,    (fc)  The  Water-tiger.    (<■)  The  noatinan. 

a  most  valuable  character.  The  young  of  the  diver  are 
known  as  water-tigers,  and  they  are  all  their  name 
suggests.  Theie  may  be  and  there  certainly  is  a  charm 
to  a  sportsman's  life,  for  the  sportsman  never  knows  just 
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what  is  goinjj  t<)  "  (^ot  up."  There  is  just  such  a  charm 
atteiulinor  tlie  luintiii<,'  of  aquarium  specimens,  for  *^he 
collector  never  knows  what  form  of  life  he  is  iroini'  to 
"  fish  up  "  next. 

It  is  not  the  purpose  of  this  chapter  to  enumerate  the 
many  characteristics  of  the  lives  of  tlie  creatures  usually 
studied  in  the  school  aipiarium.  No  one  ever  f^rows' 
observant  by  depending'  too  closely  upon  what  others 
have  said  in  the  Ixioks.  The  aipiarium  brin<^s  the 
animal-life  of  the  ponds  and  creeks  where  it  may  be 
easily  studied,  and  wlutre  it  may  arouse  a  healthy 
curiosity  to  continue  the  study  in  the  open  air  by 
nature's  own  aquarium.  Nothing  can  take  away  the 
pleasure  that  comes  from  finding  out  the  causes  of  things 
for  yourself.  Failures  there  may  be,  but  failures  sliould 
not  discourage.  Failure  should  only  make  us  the  niore 
determined  to  succeed.  Imitate  nature.  Keep  the  right 
balance  between  the  plants  and  the  animals.  See  that 
sufficient  oxygen  is  in  solution  in  the  water.  Do  not 
overstoci     Whatever  is  neglected  let  it  not  be  cleanliness. 

Questions. 

1.  Give  an  account  of  your  work  witli  a  school  aquarium. 
2.  What  pond-life  have  you  studied  in  natural  ponds?  3.  Wliy  is 
it  well  to  have  '  nty  of  water-surface  to  the  aiiufuiuni  ?  4.  What 
is  the  relation  ,    ^nimal  and  plant  life  in  the  water  ? 


THE  FROG. 

Classification. — The  fro^  is  a  mcinber  of  u  class  of  back- 
boned animals  known  as  tin-  Jiatrac/iln,  or  A)i)phihi(i,  a 
lifc-i;rou})  lying  In'twocn  the  fislioH  on  the  one  hand  and 
the  reptilian  worl<l  on  the  other.  Other  nuMnbers  of  this 
jjroup  are  the  toad,  the  salamander,  and  the  nnid-puppy. 
all  of  whicli  are  more  or  less  comnioii  to  the  Red  River 
valley. 

Fro<rs  are  ft>und  everywhere,  with  the  exception  of 
the  Arctic  lands  of  eternal  frost.  Their  main  ran<fe  may 
therefore  be  thon<,dit  of  as  C(jvering  the  len<ftli  and 
breadth  of  the  toi-rid  and  temperate  zones  or  earth  belts. 
The  life-story  of  the  frog  is  one  of  very  great  interest, 
and  the  literature  dealing  with  the  frog  is  of  remarkable 
extent.  Peihaps  no  animal,  with  the  exception  of  man, 
has  been  the  subject  of  so  many  scientific  investigations. 
An  animal,  therefore,  so  easily  procured  and  so  interesting 
to  students  of  science  .ihould  surely  be  a  subject  of 
general  interest  and  worthy  of  a  promin'^nt  place  on 
even  a  couree  in  elementary  biology. 

The  Aquatic  Home. — The  amphil>ia  as  a  rule  arc 
more  or  less  aqu.itic  in  habit,  ji  feature  which  no  doubt 
.sugg''sted  the  class  name.  Few  of  the  amphibia  can 
stand  a  long,  dry  season,  and  nearly  all  make  for  tlie 
ponds  and  water-courses  to  lay  their  eggs. 

The  home  of  the  common  frog  is  usually  in  or  near 
the  water.  In  wet  or  in  damp  weather,  however,  frogs 
have  been  known  to  wander  for  a  considerable  distance 
from   the   shelter   of    the   friendly   pond.       This  close 
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iisHociatioii  ol'  the  fn)<^  with  tli<'  wattf  in.iy  Ix-  rcudily 
("Xpljiiiieil  wIkjii  <>\U'  lias  iiia<If  soiiii'  .stu<ly  (tf  tliis 
aniiiial's  nature  aii<l  iummIs.  Tlit;  Fro;;  is  a  slow- 
brcathiiij;  animal,  liow  slow  tlie  stmlfnt  may  easily 
discover  for  himself,  lint  why  is  the  fro;^  slow-hreath- 
in<(  ?  Rapidity  of  respiration  depeiuls  very  lar^'ely 
upon  the  (let^ree  of  activity  <jf  an  animal.  .Should  you 
call  a  fro(j  an  active  jiniiual  :*  Have  you  ever  madi;  a 
note  of  the  len^fth  of  time  a  froj;  ni.-iy  sit  withoJit 
niakin*;  ajiy  eflort  to  chan^^o  his  position  :"  The  frojf's 
luuifs,  moreover,  an;  not  nearly  .so  perfect  as  the  hunum 
hni^s.  In  fact,  the  fro^f  does  not  depend  upon  his  liinj^s 
entirely  for  tlu;  oxyj^en  need<;d.  The  frog's  skin  is 
somethitii'  iriore  than  a  mere  coveritii;.  It  is  an  orj^an 
of  respiration,  and  it  disehar^fes  its  l)reatliin<^  function 
b«'st  when  it  is  ke]»t  moist.  Hence  the  necessity  of 
keeping  in  touch  with  the  water.  Shoiild  the  fro<,', 
therefore,  ^o  any  distance  away  from  the  pond,  lie  must 
choose  wlitM'e  he  <^oes,  and  we  need  not  be  surprised  to 
find  him  in  the  damp  grass,  or  within  easy  reach  of  the 
friendiv'  water  into  which  he  can  now  and  ai;ain  take  a 
plunge. 

Another  reason  why  the  fiog  rt'iiiains  so  closely 
attached  to  his  pond  is  seen  when  one  begins  to  have 
some  idea  of  the  frog's  numerous  enemies.  It  needs  no 
great  experience  to  have  observed  the  splash  after  splash 
that  heralds  the  anprouch  of  some  .strange  animal  to  the 
frog-i)on<l.  What  is  the  meaning  of  all  this  ?  It  .surely 
signifies  more  than  the  fact  that  sundry  frogs  which  ha<l 
none  ashore  for  a  chan<je  lia<l  been  friiditeiied  back  into 
the  pond.  May  not  the  splash  have  been  a  warning 
to  other  frogs  on  land,  and  also  a  warning  to  tliose  in 
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till"  Wiittr  '  At  iiiiy  r.ilf,  Ih'it  is  ji  fact  that  is  \vortli 
trvin*'  to  sohc  Slmiild  aiiv  stu«lt'iit  have  tlit-  y'uiA 
fortuiu'  to  spcinl  sonic  tiiiu'  on  tliis  niattt-r,  K-t  liini  note 
tlio  bt'liaviotir  of  the  fro^rs.  l)i<l  tliosf  wliicli  junipt'd  into 
tlio  water  art  as  if  tiny  \v«ic  hadly  Triirlitcnt'd  ?  Di<l 
tiny  siM'k  the  dct'iM'st  holes  in  the  [(ond  an<l  stir  tip  as 
imich  of  the  pond-hot toni  as  possihlc  in  order  to  conceal 
their  whereahouts  {  Did  they  swim  Far  out  so  as  to 
make  sure  that  a  sale  distance  was  placed  hetweeii 
them  and  tin  source  oi"  danj^'.-r  i*  Did  the  froj.'x,  mi 
cnterinj;  the  watei-.  take  a.  t\>w  strokes  under  water,  and 
afterwards  come  to  tlu'  surface  to  make  ohservatioi»  ? 
Was  any  use  made  of  the  stones,  weeds  and  sticks  of  the 
pond  in  this  coiniection.  D"  the  pond  was  in  full  chorus, 
how  lo.ij;  <lid  the  music  1  ist  after  the  tirst  splash  was 
made  ^  For  these  and  oth"r  j-easons  frojjjs  must  keep  in 
close  touch  with  the  shelterint;  waters. 

Food. — We  may  as  well  admit  at  onct^  that  hun<;er 
has  played  a  niost  powerful  })ai-t  in  the  diairia  of  the 
world's  life.  We  uiay  also  aojaiesce  in  the  fact  that 
the  stru<;<;lo  for  the  daily  hn-ad  on  tin;  part  of  every 
livinj;  thin>r  has  often  heen  a  veiy  severe  sti'Ujf<,de. 
Food  is  the  greatest  iieeil  of  all  livinj;  thini^s,  and  the 
fro>;  is  no  exception  to  this  rule.  Hut  what  does  a  frot; 
eat  I  No  answ'er  is  (|uite  so  satisfyin*^  as  the  answer 
which  ^rows  out  of  actual  experience.  Look  at  the 
froir's  mouth  if  vou  wish  to  know  how  he  feeds.  For 
the  rest  make  cai-eful  observation  ami  the  froi^'s  bill 
of  fare  will  <;radually  grow, 

What    any    animal    eats    is    a  much    more   important 
question  than  it  at  tirst  appears.     If  one  only  kne'  J  the 
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f<MM|  liiiltits  (»|"  the  linir,  for  iiislaiicc,  oni'  {.•<>ul<l  tlitm 
t';i.sily  pl.icc  it  iiinon^  tliusc  iiiiiin.ils,  titliir  l)iiH'fi<'iiil  <ir 
iiijurious  to  man.  Tlic  fdod  lialiits  of  jiii  aiiiniiil  jiif  tlm 
(inly  fvidciicc  worlli  coiisidfiiii^  in  this  iiiattfi'  ol" 
ascfrtiiiiiinif  tl.f  aiiiiiiars  K-al   worlli. 

Tin-  food  of  fro;^'s  consists  of  iiisfcts,  in  fact,  of  almost 
any  kind  of  animal  small  fnon;;li  to  Ix-  cauj^lit  and 
swallowed.  Such  u  statement  is  pretty  j^encnil,  and  is 
^dven  only  as  a  workin;^  liasis.  \o  student  of  diiinml 
hioltxji/  should  he  satisti(,'d  with  anything  short  of 
ascertaining^  what  paiticular  kinds  of  food  froths  show  a 
fondiK'ss  for.  Test  the  fro^  with  vario\js  foods  and 
make  a  record  of  the  thin^^s  frojj;s  hav»!  actually  eaten. 
Only  in  this  way  can  correct  statt'ments  \)v  ma<]e  in  a 
field  that  has  been  very  meaj^erly  explored.  Were  two 
hmuh'ed  or  mon;  students  roally  interesttMl  enou<,di  in 
this  im[)ortant  (piestion,  sucli  a  mass  of  evidence  couM 
Ix'  ^^athenvl  that  <,'eneralizations  of  innnense  value  to  tlie 
country  could  be  made,  and  liiunan  proj^ress  materially 
aided. 

Frog's  have  Iteen  known  to  devoiir  .several  larw  earth- 
worms  at  one  meal.  Bees  and  wasp.s  are  also  eaten 
and  apparently  relished.  What  about  the  stinj^s  ^  Ha.s 
the  froij  preferences:'  Does  a  fro;;  eat  almost  anything 
tliat  may  come  his  way  :*  Is  he  {)articular  alxnit  eatinj^ 
the  products  (;f  his  own  liunting,  or  will  he  take  %  hat  is 
given  him  just  sis  well  '^  I)(K'S  lie  prefer  living  things  to 
dead  things  :*  Would  ycju  say  that  his  .senses  of  taste 
and  snu'll  are  acute  ^ 

]\[ake  a  study  now  of  how  tin.'  frog  seizes  his  food. 
We  have  already  suggested  a  study  of  the  frog's  mouth, 
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Sv,  b«'<;in  by  o|H'nin^  liis  iiiouth  and  exaiiiiniii<;  his  tcctli 

and  tonjjuc.     l)o  nut  be  JilViiid  of  attrnipting  thin.     Tbtn- 

is  not  the  sli<;liti'st  danjjcr  so  far  as  yuu  yourself  arc 

coiuvnu'd.      But  <lo  it  j,'ently.      You  will  find  that  tlic 

froj;'s  toiii^uf  is  attached  j>.-t  iiisiih-  the  mouth  o|)ciiin<;, 

and    its    fice   end,  when    tht    nioulli    is   closed,   extends 

backward  toward  the  gullet.     In  other  words,  (he  tip  of 

the  frog's  tonj,'ue  points  down  his  throat.     "  What  a  bij; 

mouth  and  what  a  straufre  ton;,MU .'  you  may  say  :  but 

wait  a  bit,  "handsome  is  that  liandsome  does."      When 

you  see  how  well  these  are  adapted  to  securinjf  t^e  ends 

for  which  they  arc  intended,  you  will  learn  that  there  is 

such  a  thinjj  as  beautv  of  adaptation.      Place  a  fioj;  in  a 

wire  box  containin<;  some  moist  sand.     Catch  a  doz(!n  or 

more  Hies  an<l  put  them  in  the  l)ox.     Watch  closely  and 

you   will  see   the   frog's    mouth    open,   the   tonj^ue   dart 

forward,  and  the  probable  disa|)pearance  of  one  of  the 

Hies.     How  does  the  fro«;  do   t'.iis  so  (piickly  '     Is  the 

lar^e  mouth   a  help  or  a  liindrance  I     The  end  of  the 

toin'ue  has  a  sticky  substance  on  it.     ')f  what  value  is 

tliis  in  the  Hy  catchin-;  :*     Would  you  say  that  the  froj; 

was  <fuided  more  by  the  motion  of  his  prey  than  by  its 

color  ?     Would  you  say  that  the  fn>^'  was  a  ni<,dit  or  a  day 

feeder  ?     Notice  the  fro<;'s  attitude  when  catchiiii,'  Hies. 

Point  out  some  of  the  advanta<^es  of  this  ?     Does  a  fi-oj^ 

drink?     How?     Where  are  a  fro<^'s  teeth  situated  ?     On 

which  jaw  I     Notice  the  way  tl  e  teeth  point.     Of  what 

value  is  this  I     Are  their  any  teeth  on  the  opposite  jaw  ? 

Where  ? 

Movement. — Observe  now  the  general  movements  of 
the  frog.  A  frog  can  leap  and  swim.  In  leaping,  wliich 
legs  play  the  chief  part  \     in  what  ways  are  tliese  legs 
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adapted  for  leapin^j  ?     Do  you  sec  any  sirrns  of  nwliiHss 
'  )  jniiip  at  the  least  si<,Mi  of  (laii;r,.r  ?     What  a^,;  tliese 
sijrns?     In  leapin^r,  does  the   fiu„r  always  jump  in  the 
direction  liis  iit-ad  in  l<K)kinjr  pnrvio  s  to  the  hjap,  oi may 
tlie  fli;r|it  take  a  curve  ^     Mt-nsun-  the  fen^jth  of  a  frojj's 
h'ap.     What  is  the  frog's  favorite  restint;  posture !*     What 
makes  tlie  hump  on   his  hack  f     Can  the  frr.-;r  walk  and 
run  ?     If  placed  on  its  back,  liow  do(;s  lie  rij,dit  himself  ? 
How  do<'s  a  fro*,'  swim;'     What  <lo  the  hind-le;^s  do  in 
this  Jict  /     What  «lo  the    rort'-l»;;^rs  do'     Are  the    fnx's 
movements  in  swinn.iini^f  like-  those  notiu.-.l  in  leapin<,' ? 
Watch  the  way  the  fro<r  takes  his  hind-lfj,rs  up  !'     Noti; 
the  backward  pish  and  .lee  what  its  result  is.     Watch 
the  toes.     Can  you  show  how  all  these  mov»;ments  aid 
in  prope'ilinj,'  the  fn;;,'  throu<,di  the  water  {     Where  are 
the    fore-liuibs    kept    during;    the    swinnuin^' ?       What 
strokes  are  taken  aiid  for  what  pur{>ose  i"     Try  to  find 
out  how  the  fro<^  dives  and  rises.     Notice  his  posture 
while  re.stin-;  (jii  tl.j  water-surfacc      Make  out  all  you 
can  favoral'le  to  a  rapid  <lisappearance  should  there  be 
ly  cause  f<jr  this.     What  have  you  to  say  rejijarding 
tho  frojr's  buoyancy-  ^     Has  he  any  way  of  incretising  or 
decrejising   this  i"      How    do   vou   account   for   the   air- 
bubbles  that  usually  rise  to  the  surface  when  a  I'ro^'  has 
taken  a  sudden  dive  ? 

Enemies. — Mak.;  a  study  of  the  natural  enemies  of 
the  fro<r.  Are  any  <>i  these  in  the  wate.- ?  Wh.-.t  are 
they  ?  Are  any  of  his  enemies  on  the  land  ?  Are  any 
in  the  air?     Make  a  list  of  all    A'  these.      In  rcsistin"-- 

1     •  •  ^ 

and  in  evading  his  enemies  the  fro*,'  n-ust  make  use  of 
various  weapons,  some  of  which  mii,-  it  be  considered 
weak  in  coiriparison  to  the  teeth  and  claws  rf  other 
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animals.  At  the  same  time  it  will  be  fouml  that 
these  simple  weapons  are  very  valuable  life-preserver.s. 
Amont;  these  we  may  mention  the  power  to  puti' or  swell 
the  Ixxly,  a  condition  that  would  make  the  swallowincj 
of  the  frog  by  a  snake  a  very  ditficult  process;  ability  to 
remain  perfectly  motionless  while  danger  is  near;  life  in 
or  .:ear  bodies  of  water;  ability  to  change  the  l)ody-color 
somewhat,  etc.  All  of  these  and  others  the  student  may 
readily  discover,  and  sliouhl  study  them  as  means  to  ends, 
the  end  being  the  preservation  of  the  life  of  the  frog. 

Hibernation.— Where    do    frogs    spend    the    winter 
months?      Here    is   a   tield    for    original    investigation. 
One  should  e.vpect  a  water-lo\  ing  animal   to  make  its 
winter  home  in  the  water,  but  this  is  not  a  sufficient 
study  of  the  matter.     No  doubt  frogs  take  to  the  waters 
of  the  deeper  ponds  and  to  the  ri  vers,  and  probably  bury 
themselves  in  the  nnid  bottoms.     No  doubt  rivers,  if  they 
could  speak,  could  tell  us  much  regarding  frogs  during 
the   winter  season.     But  this  is  not  very  satisfactory. 
We  must  havt  direct  evidence.     When  shall  we  prepare 
for  taking  such  evidence  ?     Let  students  wat< '    for  signs 
of  frog-life  in  the  fall  of  the  year.     '.lay   oe  a  small, 
shallow,  water-hole  is  found  to  be  literally  filled  with 
froos.     Such  a  hole  was  ob-served  near  the  Assiniboine 
at  Brandon.     What  did  it  mean  ?     It  seemed  to  indicate 
a  preparation  for  the   winter   season,  for  some  of  the 
frogs  had  gone  down  a  couple  of  feet  in  the  soft  mud. 
Granting  all  this,  how  is  it  possible  for  a  frog  to  breathe 
in  such  a  place  ^     Frogs  are  not  rapid  breathers.     Ad<l 
to  this  the  fact  that  in   the   winter-season  all  that  is 
looked  for  on  the  part  of  the  frog  is  enough  life  to  carry 
it  to  the  spring  season.     The  frog  goes  into  hibernation 
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•  fter  a  successful  foci-season.  He  has,  therefore,  a  stv.ck 
of  f.HKl  st.m-.l  up  in  l.is  \u>i]y  for  the  Nan  months  ..^  the 
winter.  When  properly  .-stalilishnl  ai  il„.  l„,tt,,ni  of  the 
iK.n.l  or  the  river,  the  frog  lies  in  what  may  1...  cnn- 
sidere.1  a  .lonnant  cou.Jition  until  tlie  coniin;,'  ..f  the 
spHny.  In  other  wonls,  life  at  this  seas.tn  seems  to  have 
run  rlown;  very  little  .ner^ry  is  ^.xpen.lecl  an-l  little  foci 
IS  used ;  only  a  small  amcnint  of  oxygen  is  lieeded,  and 
this  the  skin  is  able  t(.  secure  from  tht  water. 

The  frog  belongs  to  the  cold-blo(xI.  d  animals.     To  be 
more  exact,  the  temperature  of       frog's  l)ody  is  much 
lower  than  that  of  the  human  body.      In  the  case  of 
the  majority  of  wanu-blooded  animals  the  temperature 
remains  constiint  under  stnnmer  and  winter  conditions. 
With    cold-blooded    animals    it    is    different;    and    their 
temi)erature  rises  and  falls  with  tliat  of  tli.-ir  environment. 
This  statenjent,  of  course,  is  not  absolutely  correct,  for 
even  the  so-called  cold-blooded  animals  have  the  mean« 
of  varying  their   temper. ture.     Evaporation    from   the 
surface  of  the  body  of  a  frog  is  a  cooling  process;  and 
the  life-processes  of  even  a  dormant  irog  are  attende-l 
by  some  slight  rise    of  temperature.     Fr.jgs,    however, 
have  little  power  of  withstanding  severe  winter  cold,  for 
the  reason  that  they  have  no  means  of  keeping  tip  a 
high  bodily  temperature,  or  a  temperature  muciral^ne 
their  surroundings.     On  the  other  hand,  frogs  can  with- 
stand a  reduction  of  bodily  temperature  much  below  the 
point  which  would  be  fatal  to  a  warm-blooded  animal. 
It  IS  said  that  frogs  may  be  frozen  in  ice  for  a  short  time 
and  afterward  recover,  if  the  thawing-out  process  lias 
been  gradually  done.     If  the  tissues  have  become  entirel  v 
frozen  tlie  probability  is  that  the  animal  will  not  recov  -r. 


88 


ELEMENTARY  SCIENCE, 


External  Anatomy. — In  our  treatment  of  the  frog  so 
far  we  have  nuule  no  general  study  of  the  external 
anatomy.  In  other  words,  we  have  not  made  a  sufficient 
study  of  the  animal's  body  us  a  vvhole.  Individual  acts 
have  been  studied,  but  such  acts  can  not  be  fully 
interpreted  apart  from  a  consideration  of  the  whole 
IxKlily  mechanism. 

Note,  therefore,  the  flattened,  more  or  less  triangular 
head  .set  on  a  trunk  with  no  apparent  connecting  neck. 
The  head  carries  the  eyes,  ears,  nostrils  and  mouth. 
Examine  each  of  tb  ?se  organs  in  turn  with  the  view  of 
understanding  not  only  their  appearance  and  situation, 
but  more  especially  tlieir  fitness  for  the  work  of  tlie  frog. 
Do  not  forget  that  in  all  this  stu<ly  you  are  endeavoring 
to  appreciate  how  well  a  frog  is  fitted  to  be  a  frog. 

What  do  j'^ou  make  of  the  protruding  eyes  ?  Open 
the  frog's  niuuth  that  you  may  see  how  important  a 
place  the  eyes  occupy,  and  also  why  there  is  so  much 
mobility  attached  to  frogs'  eyes.  Try  to  discover  the 
value  of  this  to  the  frog.  What  is  the  shape  of  the 
pupil  of  a  frog's  eye  ?  Does  the  pupil  enlarge  and 
contract  ?  Remove  the  crystalline  lens  from  the  eye  of 
a  dead  frog  should  you  have  the  opportunity  so  to  do,  and 
preserve  this  len.s.  Try  with  its  help  to  determine  if  the 
frog  is  long  or  short  sighted.  Note  the  frog's  habits. 
Do  any  of  these  throw  light  upon  the  matter  of  short 
.sight  ?  In  what  particulai's  i"  How  many  eyelids  has  a 
frog's  eye  ?  How  much  movement  has  the  lower  lid  ? 
Obsene  a  frog's  eye  when  the  frog  closes  it.  What  two 
features  are  thi».-i  revealed  ?  Watch  a  lien  shut  her  eyes 
an«l  compare  the  results.  Describe  the  appearance  of  a 
frog's  ears.      What  you  see  on  the  outside  is  the  ear- 
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drum.      Look  for  the  opening  of  the  nose  just  a  little 
above  the  frofr's  snout.     These  openings  are  guanknl  by, 
what  we  niigJit  call,  valves,  and  these  valves  cl.jse  and' 
open   as  the  animal  breathes.     Pass  a  bristle  carefully 
through  one  of  the  nostrils.     You   will  find  that  there 
is   connnunication   with    the   mouth.      Watcli    the    fro.r 
breathnig.     In  attending,  to  this  make  a  note  of  any 
mouth-movements  and  movements  of  the  botlv  as  well 
What  have  you  discovered  i     If  you  were  to  keep  a 
frog's  mouth  open  for  a  time  you  would  suffocate  him. 
In  breathing  the  frog  first  fills  the  mouth  cavity  with 
air.     You  evidently  saw  how  the   Hoor  of   the   mouth 
bulged  out.    The  air  courses  through  the  wires  (nostrils) 
into  the  mouth.     The  frog  then  presses  the  edge  of  the 
upper  lip  as  it  were  over  these  openings,  and  by  keeping 
the  moutli  clo.serl  forces  the  air  from  the  mouth  i.ito  the 
lungs.     Why  cannot  a  frog  breathe  as  we  breathe  ?     To 
answer  this  question  we  nnist  acquaint  ourselves  with 
the  skeleton  of  the  frog  (Fig.  32).     A  real  skeleton  may 
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be  ()l)t!iin»'(l  by  placiii";  a  di-ad  IVo*;  in  an  ant-hill. 
In  a  ftnv  days  the  Ijoncs  will  lut  picktMl  cloan,  and  the 
skeleton  may  then  be  ,stu<lied.  Note  that  a  IVotj  has  no 
ribs,  at  least  not  well  detineil  ribs.  Ifow  does  this  help 
you  to  answer  the  (juestion  ol"  breathing';'  Do  you 
not  see  the  advanta<je  of  forcin*,'  the  air,  inider  these 
circumstances,  into  the  lunj^s  :*     How  is  the  air  expelled? 

Make  a  study  now  of  the  fro«;'s  appenda<;es.  Look 
for  the  tail.  Has  the  fro;,'  a  taiW  Has  a  tadpole? 
Compare  the  fro^f's  fore-arm  with  the  human  arm.  Does 
the  comparison  hold  in  the  ca.se  of  the  fiOL^'s  hind-lei's? 
Have  you  been  able  to  make  out  the  arm,  fore-arm  and 
hand  ?  Point  out  tlie  resemblances  and  diti'erences  to  a 
human  arm.  The  divisions  of  the  le*;  are  the  fhv/h, 
shank  or  eras,  and  the  foot  or  pes".  Count  the  fin^'ers 
and  the  toes.  Note  the  hand  of  the  male  in  the  breediuL' 
season.  Are  the  tin^^ers  of  the  same  len<,'th  ?  Have 
fini;ers  and  toes  nails  :'  Has  a  fro^  a  tist  :*  Are  the 
front  feet  webbed  ?  How  about  the  hind  feet  ?  Find 
knee  and  elbow. 

Notice  the  general  shape  of  the  fro<;'H  body  when 
swinmiinj^  and  when  resting.  Account  now  for  the 
hum[).  Can  you  see  any  reason  foi-  such  a  strange 
development  of  the  ju'lvic  bones  (hip-bones)  i  Has  the 
frog  a  hair  covering,  or  any  other  covering  besides  the 
skin  ?  Catch  the  skin  in  th«'  fingers,  and  observe  how 
loose  it  seems.  Notice  its  wonderful  moistness  and  its 
color.  Compare  the  color  of  several  frogs  and  make 
some  statement  regai'ding  what  you  have  noticed.  Be 
on  the  watch  for  the  manner  by  which  frogs  remove  the 
old  skin.    No  one  seems  to  be  very  definite  un  this  point. 
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Finally,  study  the  color-eliiin^res  in  the  fro<,',  but  bear 
in  mind  that  no  lro<,'  posHesses  the  power  of  adapting' 
liinjsell"  to  all  the  ehan^'es  of  his  environnjcnt.  Frofjs 
possess  the  power  of  adjustin<r  theniselv(;s  to  the  pre- 
dominant colors,  namely,  the  color  of  the  vegetation,  and 
some  shade  of  <,fray  or  brown,  the  usual  color  of  the  bark 
of  trees  and  the  soil.  The  cause  of  such  color-chanj,'in<,' 
is  too  complex  to  grasp  very  readily.  Suffice  it  to  say 
that  it  is  largely  due  to  certain  pigments  in  tlic  skin, 
and  that  these  pigments  respond  to  the  predominant 
color  oi  the  surroundings. 

The  Prog  in  the  Springtime.— We  come  now  to  a 
consideration  of  the  most  interesting  part  of  frog  life, 
the  begiiuiing.  The  frog  conunences  life  as  an  egg. 
To  find  the  eggs  one  must  visit  the  stagnant  waters 
that  are  common  everywhere  in  the  early  suuuner  or 
late  spring.  The  time  for  finding  the  eggs  depends,  of 
course,  on  the  season.  One  is  guided  to  the  breeding 
l)lace  (jf  frogs  l)y  their  call  or  song.  Frogs  have  voices 
and  frogs  will  give  you  an  exhibition  of  the  character  of 
their  \oice  if  you  simply  stroke  their  sides.  Frog  choirs 
are  composed  in  the  main  of  male  voices,  an<l  different 
frogs,  like  different  people,  luive  dissimilar  vcjices.  The 
variety  is  just  as  great  as  anujiig  human  voices.  How 
does  a  frog  sing  ?  Not  by  opening  its  mouth,  for  it  is 
sai<l  that  a  frog  c;in  sing  under  the  water.  To  know 
just  what  is  done  is  not  a  matter  of  books.  Go  to  the 
I)ond  at  the  height  of  tin;  frog  nuisic  season.  Approach 
very  (juietly,  for  frogs  have  good  ears.  When  near  tlie 
edge  of  the  pond  remain  motionless  and  keep  your  eyes 
on  the  alert. 


^'-T^^H 


02 


Er.EMFA'TARV  f^OlKNOT;. 


The  .sound-niakinjr  orj^raiis  of  ihc  I'ro",'  an'  lorntrd  in 
tilt*  larynx.  Wli.iv  art'  yoiiivs  situatcfl  and  how  do  you 
niako  a  noise  :*  Optm  the  fro<;'8  month  and  niakr  a  not»; 
of  the  two  oju>ninf,'s  londin;,'  into  the  h(Mly  cavity.  Th«! 
centre  o|».'nin<;  leads  U)  the  .stoniaeh  and  the  slit -like 
openiii};  leads  to  the  lun;,'s.  I  Jack  of  the  latter  the  larynx 
is  placed.     Study  Fij,'.  H.S. 

In  the  sprin<:jtin»e  fro^s  poujp  out  of  their  places  of 
hibernation  and  make  at  once  for  the  quieter  waters  of 

swamps  and  slouj^hs  for  the  p«u- 

^  pose  of    hreedinij.     After  gaining 

tJH'  l)ree<ling  grounds  they  regale 

/.  the  neighborhood  with  then-  noisy 

choruses.     In    your   consideration 

•  (/of    sound    in    frogs    endeavor    to 

determine  the  purpost^  of  so  much 

•-C  sound  being  given    to  the  spring 

sejison.     Are   the  frogs   like    the 

^    „,    ,,„         ...         hinh  in  this  particular?     Is  this 

j«w.    (c)  Opening  irmiiiiK  niusic   a    feattu'c   of     frog  court- 

(?»t!"'     ^''*  "'"'""•   f^'''P   <lo  you    thinks     Or   is   the 

music  just  as  forcible  in  the  late 

sunnner,  only  we  liave  grown  so  familiar  with  it,  that 

it  ceases  tt)  take  our  attention  ? 

The  Eggs.— After  having  obtained  evidence  of  the 
presence  of  the  frogs  in  the  spi'ing,  watch  for  signs  of 
the  i)r,^  masses  on  the  sinface  of  the  water.  Should 
you  see  an  amber-colored  mass  on  the  water,  wade  out 
to  where  it  is  situated.  Should  you  get  wet,  the  dis- 
covery of  the  eggs  will  l)e  a  compensation.  Study  the 
mas.s.  Note  the  color  of  the  eggs  and  the  jelly-like 
substance  in  whicli  they  are  embedded.     Does  the  mass 
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rcpnsscTit  tfic;  o^^vth  of  jti.st,  oiw  fm<r,  or  dofjH  it  sJiow  tlio 
coinl)in(Mi  work  of  .s(>v<Tal  fro;r.s  /  I)o<.,s  it  r.'ii.in*l  yoti 
of  tMj.iocH  piirl.liiij,' ^  As  th.!  um»H  \h  inuiiy  tiincH  tlio 
Kiz«w)f  ii  fn.^r,  you  will  think  at  first  tliat  it  n^pn'Sfnts 

th.'    V}r<rH    of    a,    ^rroiip    .,f     fpf.KS.        Wll.-tl      (he     C^rjrs     wen; 

thrown  out  on  th.',  wat<-r  sjirface  they  wftn;  (pnto  small. 
But  the  material  Hurrouiuliri^r  the  i><r<fH  iuis  tlu-  propi-rty 
of  ahsorlau;,'  a  cousi.lcral)!.'  (piantity  of  vvator  which 
causes  tlio  mass  to  sw<'II  ainl  tlnis  to  render  it  in»)re 
buoyant  in  the  water.  Make  observations  »)earin^r  ,«, 
the  attention  friven  hy  th*;  frorrs  tf>  tli(;ir  e^r^r.s.  Is  tlie 
frojr  mother  as  ^rood  ,.,  mother  as  the  domestic  hen  f 
What  hatches  th.!  e^r^r.s  /  May  not  th<!  substance  of  the 
mass  and  th.'  ol.u-  .)f  the  sam.;  aid  in  coljectin};  th.s 
heat  of  the  sun  and  retaining,'  it  ?  Will  frost  d.;stroy 
the  (^{i;j,'s  ? 

While   it   is   a   ^rood    thinjr   t.)   o})sftrve    the    natural 
hatehin^^  of  the   e<;jrs,  it  is    well  also  to  plac;  a  rl.izen 
or  so  of  e^rjrs  ill  the  a.pjarium   so  that  .very  inci.Ient 
attending?  the  liatcliin^r  ,„jiy  l,e  observed.     If  the  ejfcrs 
an-  placed  in  a  s.jaler  contaim'n^'  some  of  tJie  pond  wat.a-, 
all  the   phases  of  the   hatchinjr  may   be  r.-adily  noted.' 
How   lonjr  a   time  do.'s   the   hatchinf;  take?     Was  the 
pr.)cess  retarde.1  or  was  it  helped  hy  the  col.j  w.'ather  ? 
When  di.l  you  tirst  see  si^ms  of  life  in  th."  ."jr^rs ;     H.)w 
soon  after  this  did  the  tadpoles  emeri,'.!  ?     How  .lid  the 
ta.lpoles  behave  after  leavin^r  th.-  .(^r^^s  ?     Did  the  ta.lpol..s 
stay  in  the  vicinity  of  the  e;rjr.„iass  for  a  few  days,  or 
di.l  they  m.jve  away  from  it  alto;rether  ?     If  the  former, 
how  did  yon  account  for  it  ?     If  the  latter,  can  you  ^/ivc' 
any  reason  ? 
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The  Tadpole. — Exainine  the  youiij^  tadpoK's  witli  a 
.siiiail  hand  lens.  Do  tliey  look  like  a  tro^:'  In  what 
way  do  thoy  resemble  a  fish  f  Can  you  find  their  <j;ills  ? 
Have  they  a  mouth  and  eyes:'  How  do  they  move  aljout 
in  the  water  i  What  do  they  feed  upon  :*  Look  at  the 
pond  if  you  wish  an  answer  to  this  (juestion.  Do  you 
know  why  the  sticks  and  stones  on  the  bottom  of  ponds 
are  so  slippery  ?  It  is  because  of  their  being  covered 
with  a  slimy,  vegetable  growth  ;  and  this  material  is  the 
nalui  al  food  of  young  frog  and  toad  tad|M)les.  Procure 
some  of  this  and  feed  it  to  the  young  of  the  acpiarium. 
As  the  tadpoles  grow  older  and  larger,  try  other  fo<jds 
and  compare  their  general  condition  from  day  to  day 
with  tadpoles  left  entirely  to  the  care  of  mother  nature. 
There  is  bound  to  be  some  ditierence ;  how  do  you 
account  for  this  t 

To  raise  tadjw^h^s  successfully  it  is  a  good  thing  to 
take  an  earthen  milk-pan  and  place  it  in  the  ground. 
Into  the  pan  put  some  of  the  j)ond  earth,  making  one 
side  deeper,  so  that  when  the  pond  or  rain-water  is 
added  there  will  be  lx)th  deep  and  shallow  water.  This 
pond  may  be  shaded  like  a  natiu-al  pond  by  ])lanting 
bits  of  willow  about  the  edge  s(}  that  the  rays  of  the  sun 
may  not  be  too  nmch  for  the  tadpoles. 

Observe  the  movements  of  the  tadpoles.  Try  to 
ascertain  just  how  movi'ment  is  effected.  Later,  note 
the  growth  of  the  legs.  Wliich  aj)pear  first  ?  The  fore- 
legs were  probably  just  as  far  adviinced,  but  the  gill- 
covers  concealed  them  from  view.  Note  also  that  tlie 
tadpole  now  makes  frequent  excursions  to  the  surface  of 
the  water.     In  fact,  the  tadpole  is  developing  his  lungs, 
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l^t  ho  need,  the  ^.ill.s  W  sonu.  ti.ne  yet.  Note  also  the 
chan^^e  connn^  over  the  tH.li,oh.-,s  tail.  The  white  cells 
of  the  ,!,K.,1  are  grmhaally  re.uovin^r  the  .naterial  of  ih. 
tail  an,l  us.n^.  ,t  to  build  up  other  portions  of  the  fro.^ 
economy.  "^  ""o 

When  the  le^rs  h,c  well  developed,  and  the  tail  has 
be.n  reduced  to  a  ,nere  stub,  the  little  tadpoles  like  to 
put    heir  snouts  out  of  the    water,   and   son.etin.es    to 

Lr    'l  ^''\''f''  "I'  ^''•'  -d^'  '>f  the  pond.     They  now 
look  hke  a  full  ojnnvn  fro^r  i,,  all  but  si.e.     Should  o,.e 
chance  to  visit  the  nei^d.borin<r  fro^.  ponds  about  the  end 
of  Juno  or  during,  the  early  part  of  July,  he  will  see  a 
jrreat  nmny  sn.all  hoppers  alon^.  the  ed-^e.  and  should  a 
warm  ra.n  con.e  on,  he  would  be  no  doubt  surprised  at 
the  jrreat  number  of  ho^,  that  seem  everywhere.     This 
IS  a  conu..on  experience,  but  many  good  people  explain 
^   by  sayn..  that   the    f.ogs   can.e  down  in   the  rain 
Students  who  have  studied  frog-life  know  better.     Fro.^s 
are  necessarily  cautious  creatures  and  stay  out  of  the  hot 
•sun  m  the  damp,  cool  places  that  everywhere  alx.und. 
What  wonder  ,s  ,t  then  that  these  should  come  into  the 
openuip  when  all  the  danger  of  a  hot  sun  were  ren.oved 
tor  a  time. 

Finally,  as  you  study  the  frog  fron.  day  to  day,  and 

fro,n  week  to  ^  .ok,  endeavor  to  con.e  to  some  conclusion 

as    to   Ins   actual    worth    so    far   as    n.an   is  concerned. 

^Should  you  discover  a  gcx,d  trait,  gi^e  the  frog  cre<lit 

or  possessing  this  f.-ature.     Should    a    bad   feature  be 

ound  set  this  down  on  the  opposite  side  of  the  account. 

Only  by  so  doing  can  you  arrive  at  ar.y  just  conclusion 

regarding  the  value  of  this  much  abused  aninml 
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The  Warty  Toad.-  As  you  study  the  frog  a  kindred 
animal  will  come  across  your  path.  Should  you  live  in  a 
town  you  will  probably  see  this  little  animal  in  the  early 
evening,  hopping  toward  some  friendly  electric  light, 
where  thousands  of  flying  things  love  to  gather.  The 
warty  toad,  for  it  is  none  other,  hsis  an  eye  to  business. 
He  is  not  the  last  animal  to  take  advanf  ge  of  the  con- 
veniences of  modern  life.  Watch  him  take  his  stand,  or 
rather  his  station  under  the  post  and  try  to  discover 
what  he  is  doing.  Should  you  live  in  the  country  the 
toad  will  probably  make  your  ac(juaintance  in  the 
garden  or  on  the  doorstep.  Follow  him  for  a  short  time 
on  his  evening  round. 

Toads  are  nocturnal.  Toads  are  more  of  the  land 
than  they  are  of  the  water.  Toads  are  fond  of  the 
closely  cropped  lawns,  for  their  movements  are  not  so 
impeded  as  they  would  otherwise  be  wer.^  the  grasn 
long.  Toads  have  not  the  same  color  as  frogs.  Observe 
if  color  here  is  an  aid  to  concealment.  To  answer  this 
just  start  some  fine  summer  or  early  fall  evening  to  see 
how  many  toads  you  can  discover  in  the  space  of  an 
hour.  This  experience  will  help  you  to  uiiderstand  the 
value  of  the  two  qualities  of  color  and  quietness. 
Perhaps  3'ou  may  chance  to  come  across  a  toad  in  the 
day  time.  If  so,  make  a  note  of  the  way  his  color 
harmonizes  with  that  of  his  surroundings.  Toads  are 
also  warty,  and  this  has  been  a  source  of  much  discomfort 
to  people  in  general.  People  are  .11  too  ready  to  jump 
at  conclusions,  and  have  reasoned  that  because  warts  on 
the  hands  resemble  warts  on  a  toad,  therefore  it  is  not 
safe  to  handle  toads.     Now  the  warts  on  the  toad  are 
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really  glands  which  emit  a  n.ilky  juice  of  a  very 
irritating  character  should  the  toad  be  handled  roughly. 
Watch  the  antics  of  a  young  dog  after  he  has  niad^  the 
acquaintjince  of  a  toad.  He  will  noo  likely  repeat  the 
experiment,  for  the  licpiid  emitted  by  the  warts  has  got 
on  the  delicate  skin  of  his  mouth  and  has  caused  con- 
si.lerable  irritation.  Do  you  blame  the  toad  for  usin.r 
this  means  of  defence  ?  Study  the  matter  of  getting 
warts  from  han.lling  toads.  Sift  every  experience  to 
the  bottom,  and  see  wliether  your  conclusion  will  agree 
with  the  conclusion  given  above. 

Make  a  study  of  the  toad  as  you  did  in  case  of  the 
frog.  You  will  Hnd  many  resemblances  and  many  differ- 
ences.  You  will  find  difierences  in  hand.s,  feet  ai.d  eyes. 
Look  closely  at  a  toad's  eye.  It  is  one  of  the  most 
beautiful  objects  in  the  whole,  wide  world.  Indeed,  a 
toad  is  not  un  ugly  animal  at  all  when  ycu  come  to 
know  it  better. 

Watch  the  toad  hopping  about   the  garden.     He  is 
busily  engaged  in  gathering  his  food.     What  does  he 
eat?     Place  a  toad  in  a  box  and  feed  him  on  various 
insects.     This   will   help  you   to   understand   what  an 
enormous  appetite  a  toad  has ;  what  a  variety  of  insect- 
food  he  will  destroy  ;  how  he  takes  his  food,  and  of  what 
great  service  he  is  to  the  garden.    You  will  discover  that 
he  wants  to  do  his  own  catching,  and  that  he  is  anxious 
to  get  better  aciuainted  with  you.     Indeed,  a  toad  may 
be  easily  tamed.     He  has  not  taken  up  his  quarters  near 
human  habitations  without  being  in  a  measure  domesti- 
cated.   Give  him  a  chance  of  becoming  better  acquainted. 
What  is  more  to  the  point,  give  youi-self  a  chance  to  get 
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acquainted  wil;li  tlu!  toad,  for  you  do  not  know  him  as 
well  as  he  desei've.s. 

The  be<^innin(j  of  toad-life  parallels  that  of  frog-life. 
The  ejfj^s,  however,  are  deposited  in  long  ribljons  or 
necklaces  about  weeds  and  sticks.  Should  you  find  any 
of  these  repeat  the  sciiool  experiment,  and  compare  the 
toad  tadpoles  with  their  frog  relatives. 

Where  does  the  toad  pass  the  winter  ?  Not  at  the 
bottom  of  a  pond  buried  up  in  the  mud,  but  burrowed 
in  the  loose  sandy  soil,  or  beneath  son»e  ruboish  pile  far 
enough  a\\ay  from  the  reach  of  the  severe  frost.  How 
can  a  toad  b  "row  ^  Well,  place  a  toad  in  a  box  con- 
taining a  few  inches  of  soil  and  watch  how  (juickly  he 
can  get  out  of  sight. 

The  toad  has  many  enemies  which  prey  upon  him. 
Unfortunately  the  small  boy  plays  altogether  too  promi- 
nent a  part  in  injuring  an  animal  he  does  not  know  the 
value  of.  The  f^  y  of  the  toad  at  the  opawning  time  is 
usually  the  signal  for  this  same  small  boy  to  make  his 
way  toward  'he  pond  where  he  may  test  his  skill  at 
stone-throwing.  Why  should  there  not  be  as  stringent 
legislation  against  the  destruction  of  so  useful  an  animal 
as  there  is  against  the  destructioji  of  our  insectivorous 
birds  ?  If  boys  and  girls  would  only  try  to  throw  their 
little  prejudices  aside  and  study  the  aninud,  we  should 
expect  such  an  education  of  pubnc  sentiment  in  favor  of 
the  toad  that  all  the  libels  ever  inv(>nted  would  be  set 
aside,  and  the  toad  would  be  lookinl  upon  as  one  of 
nature's  very  best  agencies  for  sure  human  good. 
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1.  Make  a  comparison  of  the  fr„g  nn.l  the  toad.     ?.  Discuss  the 
probability  of  tinding  toads  and  fr-.j,,  i,.  s„lid  r.H^k.     3.   What  has 
the  fr,.g  1,1  conimuii  with  other  animal,  that  jump  well?    4    L„ok 
for  pu  se  beats  near  the  rear^.f  the  fmgs  body.     5.  Make  drawin.rs 
of  a   frog   ,n   the  sitting  and   also   in   the   s    ....ming    positions. 
6.  Cmpare  the  colois  and  markings  of  the  upper  and  lower  sur- 
taces  of  the  frog.     7.  How  can  the  frog  breathe  when  under  water  > 
8.    Have  you  ever  seen  signs  of  a  teinj)er  in  the  frog?     9    Whit 
makes  the  frog  hump-bicked  ?     Is  a  toad  hump-backed  ?     10    Is'i 
';a.lpole  a  fish?      11.   Find  out  what  you  can    regarding  the  sala- 
nan.ler  and  the  mud-puppy.      12.    Wliioh  is  the  better  friend  of 
man,  the  toad  or  the  frog?     13.  Does   a   bear's    heart    beat  more 
8 h.wly,    Ins   body    temperature   drop,    and    his   breathing    become 
slower  during  the  period  of  hibernation  ? 
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What  is  a  Bird? — Is  a  bird  simply  a  warm-blooded, 
egg-laying,  feathered  animal  whose  fore-limbs  have  been 
modified  to  form  wings,  and  whose  jaws  are  encased  in 
horn  to  form  a  beak  ?  The  chain  connectiiiir  the  modern 
bird  with  the  remote  past  is  here  and  there  broken. 
Still  fragments  of  evidence  exist,  and  these  if  properly 
pieced  tofjether,  seem  to  give  some  little  account  of  the 
descent  of  the  bird.  Fron»  this  evidence  we  may  gather 
til  what  is  now  termed  a  bird  has  reached  its  present 
foil,,  by  slow  changes  from  .some  other  form  (-<*  life 
resembnng  what  is  now  known  as  reptilian  life.  Our 
reason  for  so  concludinj^  is  ba.sed  upon  the  fact  that  the 
bird,  more  than  any  other  animal,  shares  many  character- 
istics in  conunon  with  this  cla.ss ;  probably  l>ecause  both 
may  have  come  from  a  more  primitive  stf)ck.  We  must 
not,  however,  read  too  much  into  this ;  we  must  not  think 
for  a  moment  that  a  lizard,  for  example,  is  of  the  same 
rank  as  a  bird.  The  bird  fills  a  nmch  hitrher  place  in  the 
scale  of  life  than  is  filled  by  any  member  of  the  world 
of  reptile.-  Exactly  liow  these  changes  liave  come  about, 
no  one  can  say.  This  much,  however,  is  worth  mentioning. 
No  two  membei-s  of  any  family  are  perfectly  alike ;  no 
son  or  daii;,diter  is  the  exact  counterpart  oi"  father  or 
moth  ^r.  To  put  this  in  another  way,  we  may  say  that  all 
the  individuals  composing  the  population  of  any  city, 
town,  village  or  rural  locality,  do  not  agree,  for  instance, 
in  the  matters  of  weight,  hei<,dit,  color  of  hair  and  eyes,  etc. 
If  an  avera«:e  were  struck  in  any  one  of  these  partieulars,  a 
part  of  the  i»opulation  would  be  above  and  ^he  remainder 
would    be   below    thit;   average.     In  other  words,  there 
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seems  to  Ik.  a  temloncy  t..  vary.  ,„..!  this  t.-n  l.nov  is  the 

Man.  lo„^  a.o,  obs,.rv..,l  th-  working  „f  this  hnv  an.l 
tun...     lus   ol,s....vat,uMs    to  account   in   anin.al   an.l   in 

plant  bn...hn.      A  sin.ilar  pn.vss  of  s.-I..,.,!,,.  1,, ,;„„ 

api,ears  to  l,u   goin^.  on   in   the   whole   lieid   of  na.ur" 
Anyone    ac-,,nainte.l     with     the     se..n.in,.ly     n.arvellous 
es„  ts  of  Lnthe..      „,.h,,nk-s  work  au.on.  the  plants  of 
Ca  iforn.a  w.ll  rea.hly  un.lerstan.l  what  is  he.v   ...eant 
?"^;^^^7,V"'"'"'"  ancestors      }5ec.M,s..  a  stuWv  of  the 
fass.l  bircj-tonns  found  here  and    th.-re  in'the  Voeks  is 
the  only  source  we  haxv  of  the  histo.y  of  the  life  of  the 
remote  past,  a.,.1  an.oncr  these  bird-forms  are  evidences 
of  bn-ds  possessin^r  ,harp  teeth,  a  tail  of  n.anv  vertebr. 
cacn    beann..   a    pair   of    lar;;e  feathers,    daCvs    on    the 
Land,  and  a  number  of  other  features  distinctly  reptilian 
in  character.     Loc*.  for  exan.ph,  at  the  scales  on  a  lards 
foot  and  sa  ■  whether  this  points  to  a  kinship  with  .n 
anmml  of  the  cat  kind  or  to  one  of  some  other  class 

Feathers.      Tl-.o  special  feature  of  birds  is  s.,.,.  in  their 
1-ver  of    l,.ht      Bi.lsare    adapted    for  rapid  transit 
through   the  a.r.     To  enable    them   to   tiv,  fea:hers  are 
necessary,  a.id  birds,  and  birds  alone,  p^duc-e  b-athers 
iHitwhat  Ks  a  feather?     If  this  were   e,.sily  answered' 
"'ore  o     us  would   have  studied   the    n.echanism  of   a 
teather  loner  aero  and  i.robably  the  air  woukl  have  been 
'•"n.|uere,l  by  n.an  in  nnich  the  san.e  wav  that  the  set 
has  been  brou-ht  un.ler  his  control.     A  feather  is  not   a 
•s.n-le,  sunple  thing.     A  feather  is  a  structure  a.buirablv 
^^''••"pted   to  the  needs  of  a   bird  and  conse.,uentlv  of 'i 
most  complicated  make-ap,  becau.se  the  power  of  flight 
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is  a  power  the  world  is  only  beginning  to  understand 
in  a  small  way.  ]3id  it  ever  strike  you  how  ungraceful 
the  body  of  a  bird  becomes  when  stripped  of  its  feathers  ? 
Have  you  ever  felt  the  delicate  skin  in  which  feathers 
grow  ?  A  newly-hatched  sparrow  a[)pears  to  be  entirely 
naked.  A  closer  examination  would  px'obably  reveal 
tufts  of  down  in  irregular  patches  over  the  bird's  body. 
On  still  closer  examination  you  would  discover  what 
appear  to  be  patches  of  a  pimply  nature  here  and  there. 
The  down  is  but  a  temporary  covering.  The  pimples 
mentioned  are  anchored  in  the  dermis  or  deeper  layer 
of  the  skinT  As  they  grow  they  push  upward  into 
the  outer  epideriiiis  an<l  spread  out  below  in  the 
dermis.  The  upward  extension  splits  lengthwise  into 
a  nuiid)er  of  folds  which  gradually  dry  apart  and 
form  the  silky  thing  we  call  domi.  At  the  base  of 
the  pimple  is  a  grouj)  of  cells  which  grow  but  little 
while  the  down  is  in  use.  When,  Jiowever,  the  bird 
is  ready  for  its  permanent  feathers,  these  cells  begin 
to  develop,  and  a  secon<l  cohimn  is  the  result.  This 
column  pushes  the  down  ahead  of  it,  and  entei-s  the  air 
whei'e  it  expands  into  the  well-known  feather. 

When  feathers  appear  above  the  skin  they  look  like  a 
lot  of  stubby,  bluish  rods.  Each  feather  is  enclosed  in 
a  horny  sheath,  which  dries  up  eventually,  and  causes 
the  feather  to  unfold.  If  yon  have  been  observant  in 
these  matters  you  no  doubt  have  wondered  at  the  rapid 
appearance  of  the  feathers  from  these  (juilh.  You 
may  also  have  noticed  that  veiy  young  chicks  are 
covered  with  dowti.  while  sparrows  of  the  same 
age  are  almost  naked.  But  have  you  ever  connected 
these  facts  with  the  helplessness  of  the  young  birds  ? 


THE    151 RD. 


103 


cJ.ickens    leave   the    nest    shortly    -ifter    tl,         '"J"'""' 

Structure  of  a  Feathpr     r„.  • 

Hi-e  mo.lnr...,]   l\     '^^^^e*^— "•'^VMig  seen  hoxv  feathers 
.lie  p.o.lnce,l,  let  us  now  exan.ine  a  fully-ronne<l  feuther 

^^  111  unsn  er  our  purpose  very  well.     ]f  none  of  these  e.n 

eCI^-     1  '\l'  ^^"'^''"^''  ^^  feathers\vithin  leath^^ 

^;;;;|.yl.ou^;  .rn.  portii  eali:/t::t;r^^^^^^ 
^^ Inch    bears   the    .«..    or    roeb,    in    other   M'onls    the 
expa.  ed  porti..  of  ti.e  feather.     The  vane  00:^^0 
p.  la  lei  rows  of  sn.aller  feathers,   the  barbs, 

H  Inch  are    n,ked  to  each  other  by  .still  sn.aller 
feathers,  the  barb.fes,  which  in  turn  n.av  be 
.lomed  to  one  another  by  a  series  of  hooks^.nd 
otches.      Fm^'.  34  will  give  one  a  fair  idea  of 
he  nature  of  a  barbule  and  its  parts,  and  the 
«  udent  wdl  understand  now  why  the  web  is 
able  to  otter  so  much  resistance  to  the  air,  or  to 
any  torce  tryin-  to  separate  the  barbs.     These 
Looks,  or  burblr.ls,  ,vork  into  oi,i,osite  series 
o^  ^n-oove,s,  and  are  so  tirndy  interlock-d  that 

;■;"'   ''^^i^   T""^'   ••'■^^co'ty    in    forcing    its   way 

through  the  web  of  the  feather.  ^ 

At    the    lower   end    of    the    feather,    llutfy 

oarbules    mav    b<'    seen       Sn,.).    ,      .■  

-y  f^^in.      rtucli    p(.rtions    are 

useless    for    flight,    but    nio-t    u^efn!    f  >■    I 

»  luw  .(.    usLiui    lur    kecpiiiu'    tlu 
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body  warm.  How  .so  i  In  tlie  case  of  the  «lnck  many 
feathers  are  of  tlii.s  nature,  a  circumstance  tliat  may 
account  for  tlie  success  tliis  bird  has  a^jainst  tlie  wet. 
Notice  that  one  line  of  barljs,  tliose  alon<r  the  inner 
curve  of  tlie  feather,  are  a  little  longer  than  those 
opi)osite.  The  longer  side  is  ovei-lappdl  by  the  feathers 
above,  an  arrangement  which  makes  of  a  feather  a  much 
stronger  mechanism  for  beating  the  aii'.  Does  this 
interfere  with  the  lifting  of  the  wing  ^  lu  other  words, 
is  the  air  |)revente<l  from  passing  through  the  feathers 
as  the  wing  is  being  elevated  :'  Notice,  too,  that  the 
axis  is  moiv  prominent  below  Hian  it  is  above,  and  that 
the  barbs  and  the  upper  surface  of  the  axis  are  in  about 
the  same  plane,  features  that  j)oint  to  a  much  easier 
flight  through  the  air.  Test  a  feather  by  bending  it 
fiom  tip  to  barrel.  ReU'ase  the  feather  and  notice  the 
amount  of  elasticity  in  it.     Of  what  value  is  this  ? 

We  have  already  mentionefl  that  the  young  bird  shows 
feathery  patches ;  that  the  whole  ImmIv,  in  other  words, 
is  not  eipially  feather-ccjvered.  Part  the  feathers  of  a 
sparrow's  bivast :  a  bare  area  may  be  seen.  It  would 
•seem  that  the  bird  has  feathers  just  where  feathers  may 
be  of  use,  and  it  may  not  be  a  useless  thing  for  the 
student  to  find  out  the  most  important  feather-areas  or 
lines. 

Moulting. — 'I'l  body  of  a  bird  is  constantly  under- 
"•oing  waste  and  rcpaii',  and  feathers  come  uinler  this 
law.  Every  person  has  seen  birds  dropping  their 
feathers.  This  is  not  unusual,  for  cows  she(l  their  hair, 
and  grasshoppers  rid  themselves  of  their  coats  whvu  these 
get  too  unecnnfortabli'  for  their  owners.  Hirds  vmiilt  at 
stated  periods,  and  monUing  is  a.  critical  ])eiiod  for  such 
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birds  as  depend  upon  stron<r  Hiolu  i„  order  to  escape  from 
their  many  enenn-e.s.    Feathers  fall  out,  or  moult,  at  least 
once  a  year.     At   what    season  <loes    this   usually  take 
place  and  why  (     Should  a  sparrow  shed  all  or  inost  of 
its  plumajre  within  a  few  days,  what  a  helpless  creature 
it  would  be.     Could  such  a  sparrow  surviv«"  in  the  midst 
of  so    many    danjrers  i     Nature    has    provided    for   this 
difficulty     in     her    mana^renient     of     the     jrreat     ili^dit 
f.-athers.     These    moult    by    pairs,   the  pair  fiist    to^r,, 
benicr    the    pair   that    can    be   spared    most    easily.     D„ 
these  feathers  belo.if,'  to  the  innt-r  or  to  the  outer  part  of 
the  winjr?     1    ,.  m-xt  feather  on   e;ieh  win<,'  drop.s  out 
after  the  first   pair  have   been   replaced.     lu   this   way 
a       ippled    rii<rht    is    ])revented,    but    there    are    many 
e.\ceptions  to  this  rule. 

Ornamentation.— P^.athers  are  for  more   than   fli^d.t 
and  covering.     Feathers  are  also  foi-  ornament.     .Alak"  a 
note  of  the  mid-winter  dress  of  the  sparnnv.     As  the 
spring  advances  observe  liow  the  cravat  of  the  male  bird 
gradually  darkens,  and  tiy  to  account  for  the  change. 
Bu-ds  seem   to  understand  the  meaning   of  gay  colons 
and  it  will  be  well  for  the  student  to  take  into  consider- 
ation  the   part   tliat  color  pla\-s  in   birddife  generally. 
Before  the  Bobolink  leaves  for  the  south  th     male  l)ird 
takes  on  a  very  sombre  dress,  a  dre.ss  quite  the  opposite 
of  his  flashy  summer  black  and  white.     Examin.-  whether 
color  plays  any  considerable  part  in  conce.-ding  birds  from 
their  enemies,  and  also  why  the  male  bird  is"more  g.-dly 
I)Iu,ued  than  his  mate  ?     Exann"ne  a  number  of  feaHiers 
to  determine  whether  the  color  is  due  to  .some  ].i..-ment 
in  the  feathers  „r  to  the  feather-.substance  j)lavimr  the 
part  of  a  prisn..     This  field  i.s  practically  unexpired. 
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Every  student  has,  therefore,  a  possibility  of  becoming  a 
second  Columbus,  for  no  one  knows  exactly  the  full 
meaning  of  color  in  birds,  marvellous  as  those  colors 
appear. 

The  Skeleton. — Examining  now  the  general  form  of 
the  bird,  note  that  it  is  somewhat  the  shape  of  a  double 
cone,  a  form  admirably  suited  to  the  easy  cleavage  of  the 
air.  In  studying  the  form  of  the  bird,  one  should  have 
the  framework  at  hand  so  that  it  can  be  frequently 
referred  to.  Place  a  dead  sparrow  in  a  lx)x  and  put  the 
box  in  an  ant-hill.  In  a  few  days  the  small  skeleton 
will  be  ready  for  use.  Study  also  the  following  cut,  but 
do  not  place  entire  dependence  ujjon  it.  Take  advantage 
of  the  opportunities  of  even  a  chicken  dinner.  Such  a 
study  of  anatomy  will  in  no  wise  interfere  with  the 
enjoyment  of  the  dinner. 

In  studying  the  framework  of  the  bird  you  will  find 
a  very  great  tendency  on  the  part  of  tlie  l)ones  to  fuse 
or  mass  together.  The  skull  is  a  box  of  numy  bones. 
The  thorax,  or  body  proper  is  another  box.  The  hand  is 
changed  by  the  fusion  of  bones.  The  tail-l)ones  have 
been  greatly  modified  and  the  great  mass  forming  the 
rear  portion  of  the  Ijody  shows  a  union  of  several  bones. 
In  a  few  words,  the  skeleton  of  a  bird  consists  of  a  long 
ch.iin  of  V)ones  with  the  brain-box  at  one  end  and  a 
stumi)y  tail  at  tlie  other.  Near  the  centre  the  out- 
curving  ribs  surround  the  vital  organs  of  the  body,  and 
with  the  breast-lKjne  form  a  very  secure  chamber.  How 
is  it  possible  for  a  bird  to  l>e  comfortable  with  such  a  lot 
of  (jueer  shaped  V)onos  ?  Looking  more  closely,  it  will 
be  seen   that   wliile  every  bone  may  be  ditterent  from 
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tliosc  it  fits  into,  every  bone  is  nevertheles.s  admirably 
suited  to  such  connection. 

Head  and  Neck.— Tlve  bones  of  tlie  liead  are  too 
difficult  for  us  ut  tlii.s  time.  We  sliall  simply  refer  to 
tb(!  beak  by  asking  students  to  observe  its  wonderful 
ilexibility  and  its  adaptability  to  such  movements  as 
— pickincr  up  Miiall  stones  and  .seeds,  preening  its 
feathers,  assisting  in  its  l)attles,  weaving  beautiful  nests, 
etc.  What  the  fingers  are  to  tlie  human  beinir,  the  bird's 
beak  is  to  the  bird.  How  many  bont's  are  there  in  a 
fowl's  neck  ?  In  a  sparrow's  neck  ?  In  the  human 
neck  i  How  nmch  motion  has  the  human  head  ]  How 
much  tilt'  licad  of  a  bird  \  How  is  this  ditt'erence 
explainiMJ  (  Notice  the  double  curve  of  a  bird's  neck. 
How  d(jes  this  afi'.'ct  the  position  of  the  head?  How 
does  it  afi'ect  the  general  grace  of  the  l)ird-form  ? 

Thorax.— roming  to  the  thorax,  niake  a  note  of  the 
barred  struct ic  of  the  ribs.  What  do  you  supi)ose  is 
the  purpose  of  tliis  latticework  \  Note  the  slant  of  the 
ribs  of  a  chicken  and  compare  with  the  human  rib.s. 
The  sternum  or  breast-])one  has  a  projection  beneath 
called  the  le<-l.  Tlie  size  of  the  keel  indicates  the  bird'.s 
fiying  power.  The  keel  enables  the  bird  to  cleave  the 
air  more  readily  and  forms  an  admirable  anchorage  for 
the  great  flight  muscles  of  the  breast.  At  the  poFnt  of 
attachment  of  the  wings  with  the  Ixxly  there  are  to  be 
found  a  trio  of  'hones.  These  bones  are  the  mtpida,  or 
.shoul.^er-blaile;  the  com  cold,  n  Hioni  Ijone  joined  to  the 
shoulder-blade  and  reaching  downward  and  backward  to 
the  breast-lione.  This  bone  is  very  strongly  developed 
iu  birds  and  becomes  the  pivot  upon  which  the  bird's 
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wmg  turns.  The  third  bono  is  called  the  dnride 
wish-bone  or  n.errythouffht.  It  is  usually  V-shape,!.' 
the  two  collar-bones  being  joined  at  their  tips.  What  is 
the  tunctum  of  the  human  collar-lx)ne  ?  What  i.s  the 
function  of  the  birds  n.errythought  ?  Tu  ret.-.in  such 
a  lK>ne,  a  bird  must  continue  to  fly. 

The  slioulder-cjirdle,  or  pectoral  girdle,  just  dcscrilx-d, 
points  to  an  arm  of  some  kind,  and  bird.s  have  arms  or 
wings.     As  the  flight  of  birds   meant   changes  in  the 
lx>nes  of  the  arm,  we  need  not  be  surprised  to  find  a 
con.siderable  diflV-rence  between  the  arm  and  hand-l)ones 
of  a  bird  and   the  corresponding  l^mes  of  the  human 
arm  and  hand.     The  arm-bone  of  the  bird  i.s  relatively 
•Jorter  and  heavier  than  the  bone  of  the  human  arnu 
Find  the  bn<l  s  elbow  and  con.pare  the  vhu,  and  „dlus 
of  the  l,Hd  w.th  similar  bones  of  the  human  arm.     As  a 
bird  would  be  at  a  disadvantage  with  a  weak  wrist  we 
should  expoct  son.e  difl^erence  lu-re,  ami  we  shall  not  be 
disappointed.     There   are    eight    bones    in    the  human 
wnst,  permitting  the  most  graceful  m.nvments  of  the 
hand.      In    the   bird    these    are    all    nu-ssing   with    the 
exception   of    two    ],ones.      Would   the  outward  portion 
of  a  birds  wing  be  v.-ry  serviceable  w.re  the  wrist  to 
turn  at  every  downwar<l  stroke  >.     Stivngth  and  stirthess 
are  necessary  at   this  point  and    th.  se  are  secured   bv 
'inn.nislnng  the  number  of  wrist-bours.     Th.  birds  hand 
has   also    b-utures    c(,mmon    t(,   tli.-    human  hand      The 
thumb  with  its  two  bones  is  ..asily  s,..m.  in  a  chieke..; 
n.o    next    hnger    has  three    bon.s,    and    th.  r.-mainii... 
f'nger    one    bone.      TI...    fo„,,h    and    Hfth    tin.^ers    are 
wanting.     The  stnd.nt  should  mak.  a  close  ..xamiuMtion 
'>t  the  Iramework  of  a  bird's  wing,  and  endeavor  to  make 
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out  tlie  relation  Ix'twet'ii  these  bones   and    the  cfeneral 
function  of  the  wliole  arm. 

Legs. — Coming  to  tlie  leg-lx)ne.s,  we  find  the  leg 
anchored  on  the  three  great  bones  tjf  the  jwlvic  or  thigh 
girdle.  These  we  need  not  name,  as  the  valuable  featui-e 
for  the  student  to  grasp  is  the  sti-ong  anchorage  these 
give  to  the  bird's  legs.  Being  accustomed  to  locomotion 
on  the  land,  the  arrangement  of  the  bones  in  a  bird's  leer 
are  not  .so  different  from  that  of  the  human  leir.  There 
is  the  short  thigh-lx)ne  or  femur.  The  bird's  knee  is 
therefore  likely  to  escape  attention,  for  it  is  concealed 
by  the  feathers  ami  also  by  the  body  of  the  bird.  The 
bones  between  the  knee  and  the  ankle  are  the  iih'm, 
or  drum  .stick,  and  the  JxhuUi,  a  mere  splinter  of  bone. 
The  foot  of  a  })ird  differs  very  much  from  the  human 
foot,  for  the  heel  is  several  inches  from  the  ground  and 
the  bird  walks  upon  its  toes.  The  large  bone  be{  ween 
the  lieel  and  the  toes  is  called  the  iarmin,  which  is 
covered  with  scales,  a  feature  suggesting,  as  we  have 
said  before,  a  reptilian  ancestry.  Think  of  our  small  toe 
as  mi.ssing,  the  l)ig  toe  turned  backward  and  the  heel 
lifted  off  the  ground,  and  you  will  have  a  working  idea 
of  the  make-up  of  the  binl's  foot.  Tiie  hind-limbs  in  all 
birds  are  organized  for  locomotion.  Birds  can  walk,  run, 
hop  or  waddle  on  land.  In  some  the  foot  is  fitted  for 
perching  on  trees  and  other  supports  capable  of  being 
grasped.  Try  to  find  out  just  how  a  hen  cla.'',ps  the  roost. 
In  some  birds  the  leg  becomes  a  paddle  for  swimming,  a 
hand  for  catching,  or  a  rake  for  scratching.  Indeed,  the 
hind-limb  is  often  much  more  modified  than  is  the  flitrht- 
limb  for  reasons  which  are  plain  to  see. 
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TaiL-Fmal  y,  exunune  the  tail-bones,  a  small  chain 
o  V  ery  uiterestmg  }^„es.  It  i,  necessary  for  this  part 
o  be  large  and  stroncj.  as  it  has  to  do  wiU»  the  great 
feathers  of  the  tail.  To  insure  success  in  its  function  a 
a  rudder,  the  tad  must  have  surticient  freedon.  of  n.otion 
hence  the  separation  of  these  lx>nes  fron.  those  fonnin.^ 
the  back  of  the  bird.  * 

Wing.feathers.-Having  made  a  prelinn-nary  exami- 
nafon  of  the  skeleton  of  the  bird,  let  us  now  .see  how 

he  great  feathers  are  .lisposed.  First  we  shall  consi.ler 
the  feathers  of  the  wing.  That  the.se  are  very  i,np..rtant 
may  be  guessed   fron.   the  consideration   that  the^^  are 

he  bird  s  c  nef  organs  of  locomotion.  Without  feathers 
there  would  be  no  need  of  such  a  n.echani.sn.  as  a  wing 
at  all.  Wing  feathers  are  of  several  kinds;  the  fli.d.t- 
feathei-s  proper,  or  long,  stiff  quills.  collecti^•eIy  called 
remiges,  ^.e.,  rowers;  and  the  smaller  and  weaker 
feathers  over-lapping  them,  and  hence  called  covrrt. 
Ihese  are  the  main  divisions  of  the  wing-feathers  if 
we  onut  the  small  bunch  of  sprcrious  rj.Uls  growin.. 
upon  the  bird's  thumb  and  giving  a  finish,  as  It  were', 
to  the  bird  s  win<A 

The    remiges    or    flight-feathers    give   the   wine  its 
general  character.     Together  they  form  a  highly  efastic 
surface   for   striking    the  air.     A  slmrt,  rounded   win., 
unts  at  a  labored  flight  ami  a  whi.ring  .sound      The 
ong.  pointed  wing  gives  a  noi.sele.ss,  airy  flight,  a  fli.d.t 
that  may  be  prolonged  and  one  accompanied  by  very 
deliberate   wing-beats.     Remiges  are  divided  into  three 
series  or  groups  according  as  they  grow  on  the  h,ind  the 
lore-arm.  or  the  arm,  and  this  is  one  of  the  most  valuable 
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facts  of  bird  stiuly.  These  f('atli('r-tjrouj)s  iret  the  names 
pi' nil  (tries,  xecovi  furies  and  terfiaries.  Tlie  priinarit-s 
are  usually  ton  in  number;  the  socondarits  vary  from 
six  to  forty  or  more,  and  they  luivo  also  the  feature  of 
bein*^  fastened  in  the  ulna.  If  the  ulna  of  a  bird  be 
examined  there  will  be  seen  a  row  of  small  points 
showintr  this  attachment.  The  tertiaries  are  not  very 
evident  in  most  birds  and  need  not  be  considei^d  here. 

Tail  Feathers. — The  next  important  series  of  feathers 
are  those  of  the  tail.  Time  was  when  birds  flew  about 
with  lonj;,  bony  tails.  Now,  the  lx)nes  of  the  tail  are  few, 
usually  nine  in  numk'r,  an<l  so  short  that  they  do  not  pro- 
ject much  beyond  the  ordinary  plumaj^e  of  the  bird.  The 
last  bone,  a  bone  much  liir<rer  than  the  rest,  bears  the  great 
tail  feathei-s,  which  radiate  from  it  like  the  arms  of  a  fan. 
The  whole  bony  and  nniscular  tail  is  the  well-known 
'•  pope's  nose  "  of  the  Christmas  turkey  and  the  point  to 
be  noted  is  that— this  is  the  reul  tail  of  the  Ijird,  the 
feathers  being  only  appendages.  The  feathers  of  tlie 
tail  are  of  two  kinds,  the  corerfs  and  the  nrtrices  or 
rudders,  because  they  .seem  to  be  u.sed  to  guide  the  flight 
of  the  bird.  The  tail-coverts  aie  the  numerous  and 
comparatively  small  feathers  which  appear  above  and 
below  the  rudder-feathers,  and  give  these  support  and 
the  tail  completeness  of  form.  The  tail-feathers  projx'r 
are  usually  twelve  in  number,  but  the  length  and 
character  of  the.se  feathei-s  and  of  the  tail-feathers  as  a 
whole  vary  so  much  that  a  comparison  is  suggested  in  a 
study  of  the  tail-feathers  of  the  sparrow,  the  rooster,  the 
robin  and  the  peacock,  or  the  turkey-gobbler. 

Food.— Birds,  like  plants  and  animals  generally,  have 
two  things  and  only  two  things  to  attend  to,  namely,  to 
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Iwk  after  thomselves  and  to  look  ufter  their  ofTspring. 
In  carin«,'  for  tlieniselvt-s  l)ir(ls  must  p-oc'ure  food,  must 
have  orj^rjins  to  pn-part-  this  food  for  t}.H.'  l..jdy,  must  hi 
able  to  defend  themselves  i\<ra\us{  their  natural  enemies, 
and   must   liave   considerable   powers  of   a.laptation  to 
environment.      What  luis  been  sai.l  re<rardinj;  bill,  \vin;,'s 
and    feet    may    be    considere<l    in    c<ainection    with    th.; 
activities    mentioned    jilxne.     Should    the    food    of   on.- 
re<rion  fail,  the  bird  has  the  m.-ans  (.f  reaching,'  anoth.r 
locality  moi-e  favoral^ly  situated,  and  this  may  be  don.' 
in  a  very  short    period    of    time.     In    many   birds,  (hr 
conuuon  fowl  for  instance,  the  ijolh'f  or  foo<l  tube  learh":io- 
fron.  the  mouth  to  the  stomach  is  provi.Ied  with  a  lar<--t\ 
thin-walled    ban;,    the    croj,.      Into    this    a   considerable 
(piantity  of  f(j<jd  may  l)e  taken,  to  be  <li;r."sted  later  on. 
No  di^restion  takes  place   in    the  crop,   but  the  food  is 
softened  by  bein;,'  mixed  with  saliva.     The  crop,  in  fact, 
is  a  sort  of  storehouse  for  such  birds  as  aie  likely  to  In; 
iiuich  exi)osed  to  enemies.     These  birds  can  <,rather  their 
food  (|uickly  and  then  i-etire  to  a  .secure  spot  to  assimilate 
it.     Tlu'  <,'rain   devouie-l  by  pijr,.,)ns  and  poultry,  passes 
from  the  crop  to  the  !fi::«nf,  a  lai-ge,  nniscular  or^r-u, 
of  great  thickness.     The  walls  of  the  <.Mzzard  are  armed 
M-ith  two  very  hard  pads  which  rub  a<,Minst  each  other 
after  the  style  of  millstones,  and  this  process  of  grindin-r 
is  aided  by  the  (piantity  of  .small  .stones  swallowed  bv 
these  birds.     The  crop  and  gizzard  just  described  may  be 
seen  in  place  if  the  student  will  only  take  advantage  of 
the  next  fowl  that  is  being  prei«ired  for  the  dinner  table. 
Defence.— In  defending  itself  from  its  enemies,  and  in 
its  own  private  battles,  the  bird  uses  beak,  wings  and  fe.'t. 
Make  careful  note  of  the  long  spurs  that  adorn  the  feet  of 
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an  ol;l  rrxjster.  Watcli  two  siicli  l.iids  ti^rhtinjr  if  you  would 
know  just  liow  MUfh  weHpcjns  uru  use<l  rtdvuntiij^eou.sly. 
Some  l.irds  depend  upon  their  Hight  powers  to  curry 
them  out  of  harnrH  way  or  to  enable  theiu  to  overcome 
their  flying'  prey.  Note,  in  the  hitter  case,  the  terrific 
th<,difc  of  some  of  our  hawks.  Xole,  al.so  the  part  that 
color  plays  in  eoncealinjr  and  in  exposinj,'  the  bird. 

Auaptation.— As  to  adaptation,  what  has  been  seen  in 
connection  with  beak,  win^s,  feet,  etc.,  are  all  adaptations. 
How  is  it  that  the  dome.stic  hen  and  the  English  spanow 
are  found  in  regions  far  away  from  their  native  homes  ? 
Man  certainly  has  had  a  hand  in  this,  and  has  made  the 
life  of  the  hen  on  the  one  .side  and  the  .sparrow's  life  on 
the  otlu^r  a  comparatively  ea.sy  one.  This,  however, does 
not  fully  account  for  the  wonderful  increase  of  the  sparrow 
kind  in  the  Canadian  West.  The  student  may  suf'<'e.st 
tlie  (|ualities  which  have  enabled  this  bird  to 
thrive  in  a  country  .so  difTerent  from  his  English  home. 

Migration.— As  the  short  autumn  days  come  ua  an,, 
food  grows  scarce,  many  of  our  birds  migrate  to  the  .south, 
a  few  only  remaining  t(j  brave  the  cold  and  possibly  the' 
famine  of  the  winter-.sea.son.  This  annual  migration  of 
the  birds  is  a  fact  well  known  to  eveiy  person.  What  is 
its  explanation  ^  Why  do  the  birds  go  south  is  easily 
answered.  Why  should  such  birds  return  ?  Poets  have 
sung  and  philosopher.s  have  di.scussed  this  remarkable 
phenomenon,  but  it  stands  to-day  practically  unsolved. 
The  latest  attempt  at  an  explanation  connects  the  coming 
and  going  of  the  birds  with  the  amount  of  daylight  a 
region  may  have  at  any  particular  .season  of  the ''year. 
Birds  are  voniciou-s  feeders.  Frmu  early  dawn  to  the 
last  minute  of  daylight  birds  are   searching,  searching, 
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'.earolung  for  foo<l.  As  tl..  .uUmnn  svason  approaelu-s 
wuh  .ts  .short  clays  and  its  Ion;;  n.gl.ts.  sufficient  fo..l 
for  tl...  n.-,..ls  of  the  hinl.s  can  not  he  oollecte.l  ;  hence 
the  nn.,ation  to  the  «outh.  Siniihulv  in  the  sprin-^  the 
Imvls  ,eave  the  south,  where  the  <h.yli;;ht  is  shorter'^than 
It  IS  ,n  the  -..nperate  and  arctic  helts  of  the  north 
Ihis  IS  the  suhstance  .,f  the  latest  theory.  It  is  not 
ont.rely  .satisfactory,  Init  it  n.ay  fonn  a  then,.,  afn^ut 
which  a  giHMl  dass-discu.ssion  may  take  phice. 

Courtship.-With   the  hirds.  as   with  hu.uan   hein-^s 
there  con.es  a  time  when  the  idea  that  it  is  not  ..oo.rto* 
live  alone,  takes  iKj.s.se.ssion,  an<l  ail  the  ener-ries  hecon.e 
centred  upon  the  Hnding  of  a  n.ate  and  the^con.n.ence- 
meat  of  a  home.     The  .sea.son  of  courtship  anion.,  the 
b.nls  cH^curs   i,i   the    spring  after  the   return   fronT  the 
south,  and  IS  accompanied  by  various  antics,  mu.sic  colors 
etc      In  the  barnyard,  the  male  bi.-.js  will  give  battle  to' 
eacl,  other  and  the  mightiest  will  lead  the  Hock.     Amon.r 
many  of  the  other  hir<ls,  each  female  seen.s  to  have  the 
right  to  choo.se  her  mate,  and  this  n.ating  is  .son.etimes  a 
life-long  tie,  broken  only   hy   the  death   of  one  of  the 
twain.     How  is  this  .selection   made  (     Po.ssihly  on  the 
ground  of  song,  for  birds  seem   to  e.xert  themselvs  at 
tns. season  m  the  matter  of  music.     Po.ssihly  on  account 
of   the  .strange   antics  of  the  male  as   instanced  in  the 
turkey-gobbler,  the  crane  and  the  c(nvhird.      Beauty  of 
plumage   may   also  be  an   attraction.     A   sava<r,.  sticks 
feathers  in  liis  hair  and  thinks  himself  l)eautiful"   Sunly 
feathers  should  play  their  part  most  in  the  animals  to 
whom  they  rightly  belong.     No  number  of  exampl-s  from 
a  hook  can  e.jna!  an  intelligmt  ol,s..rvalio,i  on  the  part 
ot  the  student.    Study  birds  in  the  spring  sea.son  yourself 
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You  will  find  that  a  love  for  such  a  thiui,'  will  grow  upon 
you,  and  .such  a  possession  may  not  b.-  a  had  asset  to 
take  with  you  throughout  the  remainder  ol"  your  life. 

Nest  Building.— After  th.^  mating  comes  the  ne.st 
building,  a  work  the  rooster  ignores,  and  a  work  too 
that  the  hen  is  no  artist  in  ])erforming.  The  .sj)arrow's 
nest  is  a  little  better,  but  it  is  far  from  being  artistic. 
The  form  which  the  nest  may  take,  and  its  situation 
vary  very  much,  though  constant  in  the  ca.se  of  any 
particular  bird.  Make  a  study  of  the  ne.sts  of  the  crow, 
robin  and  oriole  or  hangbird  with  the  view  of  becomin«- 
ac(iuainted  with  variety  in  bird  architecture  and  the 
means  used  in  concealing  the  nest  from  .stran«-e  animals 

Egg  Laying.— In  egg  hiying  such  birds  as  the  domestic 
lien  and  the  prairie  chicken  lay  many  eggs,  while  the 
sparrow  and  many  other  birds  lay  but  a  few.  Has  this 
any  explanation  ^  Is  it  true  that  birds  lay  many  or  few 
eggs  in   indirect   proportion    to   the   character  of  their 
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enemies?      In   other    words,    the    nest    of    the   prairie 
ihickcn,  Fig.  3(),  is  on   the  ground.     Above  it  are  the 
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many  birds  of  prey  that  would  ffcd  upon  its  egfjs  and 
young  if  a  clianco  were  offered  0:i  the  ground  are  a 
luunber  of  animals  that  wor'ii  ;.;:  .i  iii(,!"st  the  nest.  The 
binl  itself  is  a  food-bird  (  '  ii;:iii.  :\!u\  '  le  life  of  the 
prairie  chicken  on  the  who!  !•  a  most  \  reearious  one  at 
best.  May  this  not  explain  N\liy  u.c  Tiyst  of  this  bird  is 
usually  well  tilled  with  eggs:' 

Incubation. — Birds  begin  lif«;  in  an  i'^^'^,  but  what  is 
an  egg  !*  How  long  does  a  hen's  ^'}^vr  take  to  hatch  f 
How  long  does  a  brooding  sparrow  remain  on  her  e<'<'S 
before  they  are  liatched  ;*  What  makes  a  hen  stay  hour 
after  hour  on  such  a  homely  thiii'  as  a  dozen  ofe-'c-s? 
Does  a  setting  hen  keep  turning  her  eggs  f  How  does 
the  chicken  get  out  of  the  v^r^^  '.  H(;w  does  the  chicken 
get  air  enough  while  in  tin  ii)f<^  '(  Describe  an  incubator. 
Descri))e  the  sever.il  parts  of  a  hen's  egg,  and  point  out 
the  purpose  of  each. 

Motherhood. — When  we  come  finally  to  consider  a 
bird's  care  of  its  offspring  we  are  considering  one  of  the 
most  beautiful  features  the  world  has  to  show.  Birds, 
as  a  rule,  are  ideal  mothers.  Even  the  pugnacious 
sparrow  can  not  be  condennied  in  this  matter.  It  is, 
however,  to  the  domestic  hen  we  nnist  go  for  a  study  of 
all  the  nice  little  signs  of  motherliood.  Listen  to  her 
CHMHiing  song  as  the  chickens  nestle  under  lier  wiuf.s. 
See  how  she  leads  her  fli)ck  in  seai-ch  of  food.  How 
carefully  she  steps.  Hear  her  warning  call  as  the  hawk 
appears.  These  are  but  a  few  e.xamples  of  the  many 
signs  of  motherhood  on  the  part  of  the  hen ;  others  may 
easily  be  added  by  the  stutlent. 

There  is  no  bird  whose  life-story  can   be   so  readily 
studied  as  that  of  the  hen.     Much   tiuit  is  true  of  the 
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hen  IS  true  of  every  other  bird.  To  be  iutiti.ate  with 
tlie  l)ir.ls,  even  if  we  do  not  know  very  much  about 
them,  has  tlie  same  effect  upo.i  us  as  an  intimacy  with 
the  rtowers.  To  encoura^^e  tliis  intimacy,  we  are  <roin<r 
to  a.sk  tliat  each  student  shall  pither  the  following 
infonnation  in  connection  with  at  least  ten  of  our 
connaone-st  wild  birds  and  record  the  same  in  the  blank 
pa;;es  at  the  end  of  this  chapter. 
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1.  \\  hut  wf.rk  of  l.inls  is  tl.e  most  severe  c,„  th.-ir  feathers  ?  o 
De.scnhe  the  ears  ,.f  a  hen.  3.  Why  are  the  b-.nes  of  a  hird  Z 
ngully  cnneet..!  '  4.  Bend  a  hen's  t..es  t,.  tind  hou-  n.any  hones 
there  are  .„  each.  5.  Find  the  oil  , land,  a  How  do  hinls  use  the 
...Inland?  \  hat  .s  the  purpose  of  the  oil?  7.  Draw  and  de.serihe 
a  huge  feather.  8.  Describe  the  contents  of  the  barrel  [) 
Kxanm.e  the  feathers  and  the  bones  of  a  bird,  and  show  the  part 

;  T  't^',"  ,'!"'''""  ""  '"'■'^  "'"^^'  ''"">-^"'t-  10-  ^Vhat  is  a  pin- 
ea  her  ?  11.  U  atch  the  feathers  when  a  bird  is  angry  and  when  the 
.ml  ,s  takmg  a  du.st  bath.  12.  What  material  is  in  an  egg-shell  V 
K{.  Does  the  egg  completely  fill  the  shell  ?  Explain.  14  How 
can  a  fresh  egjj  be  distinguished  with<.nt  breakin.'  it  ?  ir.  Note 
the  round  spot  on  the  yolk,  where  it  comes  nearl-st  the  surface 
J  ins  IS  the  germ  sp.  -t.     ]  t).   Why  is  a  hen's  egg  so  large  ? 
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Signs  of  Wildness.  — Of  the  animals  (loiiiesticatt'd  by 
man,  none  show  so  many  characteristics  suj^gestive  of 
their  piobaltle  savatre  ancestry  as  the  domestic  cat.  The 
(log  still  hides  the  l>ones  and  circles  aljout  before  lyin^- 
down;  horses  still  avoid  tlio  marshy  jfi-ounds  and  careei- 
occasionally  from  side  to  side  of  the  field  :  cows  stam- 
pede; sheep  follow  a  leader;  and  poultry  select  the  hi<;h 
roosting  places.  IJut  luma  revert  more  easily  than  the 
cat  to  the  original  life  of  the  race  and  there  are  even 
some  pers(jns  who  go  so  far  as  to  say  that  the  cat  never 
has  been  and  never  can  be  fully  domesticattid. 

Prejudice  in  Observation.— In  deciding  what  is  and 
what  is  not  the  nature  of  the  cat  there  an;  two 
classes  of  persons  whose  testimony  nnist  be  taken 
with  a  good  deal  of  caution.  In  the  first  place  we  have 
the  pers<jn  who  is  veiy  fond  of  the  cat.  He  sees  only 
good  in  all  the  cat  kind.  He  points  to  the  pioneer  on 
the  western  plains,  far  away  from  his  biuse  of  supplies 
and  forced  to  lay  in  a  stock  of  oatmeal,  flour,  rice,  bacon, 
etc.,  or  sufficient  prov'  ler  for  .several  months.  In  the 
wild  prairie  lands  lyin^  about  his  shack  are  countless 
thousands  of  field  mice.  The.se  invite  themselves  and 
the  inevitable  result  follows,  unless  the  .settler  is  fortunate 
enough  to  own  a  cat.  So  nuich  for  trie  value  of  the  cat 
in  the  country,  but  what  of  tlie  city  ^  Why  should  cats 
be  kept  in  a  city  ?  There  are  mice  in  the  city  and  cats 
are  the  best  of  mou.sers.  Besides,  cats  help  to  ornament 
the  home ;  a  cat  on  a  rug  by  the  fire-place  or  -the  stove 
gives  a  cozy  and  comfortable  appearance  to  the  roonj, 
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V'liat  coul<l  chilflren  do  witljout  eats  :*  Would  the  cliild's 
lue  not  miss  a  >ery  valuable  tliiiij;  were  cats  not  allowed 
to  associate  with  human  l)ein<,'s  i  These  and  other 
reasons  may  he  ortere<l  hy  the  eat  admirer.  The  second 
person  whose  opinion  must  be  taken  with  due  caution 
is  the  cat  hater.  This  pe  son  sees  notliin;^  \h^A  in  cats. 
He  even  .su«,'j,'ests  that  a  ten-cent  mouse-trap  would  l>e  of 
greater  service  than  a  cat,  aiid  besides,  would  not  have 
to  be  fed.  He  ol)Jects  to  the  night  noises  of  cats  and 
does  not  hesitate  to  mention  that  cats  may  be  the  cause 
of  spreading  disease  in  the  neighborhood. 

Both  tlie  cat  lover  and  the  cat   hater  are  i)rejudiced 
ob-servers  or  are  likely  to  be  so,  and  as  the  main  purpo.se 
of  this  topic  is  to  encourage  the  independent  ob.servation 
of  the  .students  in  connection  with  an  animal  familiar  in 
a  sense,  but  strangely  unfamiliar  when  the  actual  worth 
of  the  cat  is  being  considered.     In  making  ob.servations 
of  the  cat,  therefore,  every  student,  is  advised  to  enter 
into  the  matter  as  free  from  prejudice  as  a  judge  omdit 
to  be  when  trying  a  most  ci-itical  case.      Do  not  look 
upon  the  one  who  has  found     iit  something  unworthy  in 
the  cat  as  an  enemy.     Test  tlie  evidence  upon  which  the 
conclusion  was  based,  and  if  it  is  found  woithy,  accept 
it.     This   is   the  attitude    of    mind  science-work  should 
encourage,  and  it  is  this  veiy  attitude  that  lies  at  the 
foundation  of  all  true  .science  teaching  and  science  study. 

Local  Instinct. —Cats  seem  moie  strongly  attached  to 
the  locality  than  to  the  individual.  The  family  may  leave 
the  old  home,  but  t!ie  cat  usually  remains  unless  forcibly 
carried  away:  even  then  she  may  return,  and  .slie  lias  often 
been  known  to  return  to  the  oM  hunting  gr<jun<l.  What 
is  found  true  of  her  cousin,  the  wild  cat,  is  found  to  hold 
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},^mm1  ill  (h,.  cus,.  of  the  .luiiifstic  cit.  Aijaiii,  t)i..  cat 
<l<'li<;lits  ill  ;i  still  Imiit,  ;ni(l  ivs,.|it.s  Jii.y  assiMaiu-.-  <,ii 
tlie  part  of  aiiotli.r  hy  iiiovini,^  away.  With  siicli  a 
stvow^  attacliiufiit  to  locality  it  is  not  .straii.,'^  that  cats 
shouM  occasionally  liviiufiit  tlic  wiMt-i-  port  ions  of  tlu- 
farm,  make  these  their  permanent  hunting  ;;roun(l  ami 
practically  return  ajiaiii  to  the  wiM  life. 

Domestication  of  the  Oat.  -What  .lo  you  suppose 

was  the  occasion  of  the  ori<,nnal  <lomestication  of  the 
cat  i  May  it  not  have  heen  u  move  on  th,-  purt  of 
*ht;  cat  herself:'  Cats  wouM  naluially  tai<e  up  their 
limit  injr  aloii<r  th.'  wooded  l)or.lers  of  the  small 
meadow  and  aral.le  lands  of  th.-  earli.'r  farmin;,M'lasse,s. 
A  visit  now  and  anain  to  the  rudi!  homes  of  the 
people  ill  .search  ,-"  Us  lawful  pn^y  could  \>r  ea.sily 
done,  and  man,  ,n  ,ted  hy  tlu-  mice,  would  in  all 
pr(.hahilityenc()ura<;."  .such  arlvances  until  the  cat  hecanie 
an  additional  memher  of  the  family  and  th.'  occupant  of 
the  cosiest  corner  that  the  hut  c<juld  atford.  In  some 
such  manner,  we  have  no  <loul)t,  the  cat  was  ori<;-inally 
<lome.sticated,  and  she  has  heen  with  us  ever  since,  no 
matter  Junv  far  we  have  taken  her  away  from  her  native 
wilds. 

The  cat  has  ])een  in  our  homes;  .seen  evervdax';  fed 
often  iiTejrularly,  -nd  fondled  or  ahuse<l  as  the  casx'  may 
be.  Have  we  ever  taken  tiiiie  to  make  a  ival  .study  of 
the  cats  place  in  the  economy  of  nature  ^  Why  is  the  cat 
an  occupant  of  so  many  homes  '  Is  it  because  of  her  fine 
mousing  (rifts:-  Is  it  i)ecause  the  hou.se  would  not  feel 
right  without  her  presence  C  Is  there  any  good  reason 
why  she  is  tliere,  or  has  she  come  no  one  knows  wliv:* 
Is  the  cat  really  neces.sary  about  the  house  i*    It  is  true 
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tluit  t)n>  miiv  s,...k   the  ivt.v.it   aMonle.l   l,v  tl..-  1 
tl.e  wiMt..,-  H,,,„-.,ac-lHS.       It   is  al...  tni-   t'l,at   tin-   walls 
HU.i   flours  are  oil..,,   tu,,,,..]!..,!    l.v   ,1,,,^..   ,,,.l..„ts      I,    is 
l.kew.se  tn.e  th.tt  a   „.o,.>ey  .s,„.-li    a.nl    ,1...   s„.,..sti.,„ 
"     n„c.-    eat.,,^.   a„.l    nn.i.i,..    ,.v..,-    ..,„•    \\„.\    are    ,u,t 
Pl-Msa„t.      All   these  a,..l   ,.,..,e   ,nay   he  ahs..|„teiy   tn.e 
■y.-l     It     true,    ce,tai„ly    ve.y    a.,„uyi„^^    h,u     .!.,    these' 
<!^l.ult.es    „,ake    the   cut    u    „eeessity  ^      Ma,.v    a,.swer 
^'•s.        A„    e.,„al    ,„„„her    say.    -  X,,-      }[„,,-    ..,,,.    ,,,. 
ijon.;;  to  .leei.le  the  ...atter  '     There  is   jUst  o,.e  wav  <.f 
'loing  th.s,   na„,ely.   hy   ...aki,,.-  a„  ea.-nest  atte,,,,,;    to 
■stu.  y  the  eat,  for.  he  ass„re<l,  sl,e  has  „over  l.ee„  pn.pe.-ly 
stu.  ie.|  hy  the  ,„a.i..,-ity  of  those  who  hav.-  shelte.e<l  her 
111  their  lioTiies. 

Feeding.- }J,.<rin„i,i^r  then  with  r.KMJ  a„.)  r.„„|  ,r..tfi„.r 
wl,at  do  we  know  ,v,;a,-ui„;.  the  eat'  We  k,„m-  th^t 
oats  (l,-„.k  „,.lk,  eat  hreml,  laeat,  „>ice  an.l  hir.ls  We 
],ave  eve.,  seen  cats  eatin-  j,r,,,ss  or  son.e  r.ther  fo.-n,  of 
ve^'etat.on.  All  these  we  know  in  a  ^....eral  wav,  hut 
<io  w  nv  h<.w  n,any   ,niee  an-l    hinls  the  ave,-a-e  cat 

<lescro,..,„   the  course  of  a  year'      He.v   is   whe.;  our 
work  w.th  the  eat  shouM   really   heoin,   for  on  her  foci 
l>nh,t,s  w,ll  depend  to  a   ve.y  e-.-eat  extent  her  value  fo 
...an   as  a    whole.     Mice  and   hi.ds   a.v   not    food  sturts 
furnished   hy  ],er   master  or  n.ist.vss.     They  hel,,,...  to 
.or  own  hunting.,  and  it  is  her  success  in  this  line  that 
'as  pven   her   the   place   she    now  apparentlv  oc-cupies. 
Has  shejust.Hed  this  place'     How   much  care   has  the 
cat  received   at   our   hands  ^     W,-  have  spent   hou.s,  it 
•nay  he,  httin-  our  do.^  for  the  hunt,  etc.:    how  much 
iiave    we    done    toward    trainino-    the    i-nt  ^      Huh    thi^- 
training,  or  rather  want  of  traini,,;,^  not  heen  either  too 


sr;-if.irc 


K_  V. 


-/  " 


124 


ELEMENTARY  SCIEXCE. 


niucli  fon«lliii<,'  or  too  inucli  of  tin-  opposite  ?  Why 
should  onf  t'Xpfct  a  jtropt-ily  Iwlifiv.-d  c;it  to  <;r<j\v  up 
uikUt  such  conditions  ? 

Cats  and  Birds. — Now  no  one  ol)j<'cts  to  the  C!it  as  a 
nioustT.     Nature  su.ins  to  n-<|uiie  cats,  liawks,  owls  and 
many    otlier  cmitnies,  to  k.-cp    mice    in    check.      It    is 
also  no  crime  for  a  cat  to  <,'o  hird  liuntin^r      iJii-ds  are 
the  cats'  vaforal    pr<y.     J'.;it    when    man  assum.'s    tlie 
responsil)ih'ty  of  ke.-pin^'  a  cat,  lie  ouoht  not  to  sihuse 
that  responsihility  \>y  allowin*,'  the  eat  to  int.-rf.-re  in 
a  field  that  is  of  tremendous  strvice  to  the  whctle  race. 
"Cats,"    says   Hlialer,    "are    the    worst    en.'mi.'s    of  our 
common  l)irds.     It  is  estimated  that  a  cat  on  an  avira;,'e 
kiUfi  Jifty    songhinh   a     y>',tr,    to    say     nothin^r  of  the 
nestlinirs  destroye<l    durin<;  the  same  time.     The  state 
would  line  men  discovered  killin^^  certain  insectivorous 
birds.     How  absurd  to  firie  a  man  for  killini;  on<!  bird 
and  at  the  same  time  allow  liim  to  k.-ep  a  cat  that  kills 
fifty!"     To  tliose    who  know  nothint,'  of  tlie   vahn-  of 
son^'birds,  lar<,'ely  in.sectivorous,  this  statement  may  not 
.seem  in  any  way  astounding;.     What  is  a  fair  value  of 
such  a  bird  for  one  .season  :*     Those  who  have  made  a 
.study  of  this  problem,   have  ])laced  this  value  at  fifty 
dollars.     Fifty  birds  at  fifty  dollars  each  would  net  to 
the    country    at    this    rate,    just    twenty-five  liundre<I 
dollars.     Tliis  is  a  lai-;;e  sum,  in  fact,  so  laiM^e  tliat  manv 
may  be  inclined  to  dispute  it.     Tln>se  who  know  what 
cats  do  and  wliat  birds  (k)  are   the  only   persons  whosi; 
evidence    would   be  considered   for  one   minute  by  any 
competent  court.     Is  tlie  avera«;e  too  hii,di  ?     We  think 
not,  for  we  have  seen  one  cat  collect  »'ii;ht  sach  birds 
in  the  course  of  a  few  liours'  huntinj,'.     True,  the  coii- 
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.litioi.H  wore  favoraole  t,.  the  cat.  The  weatl.er  was 
(lamp  aii.l  tli.-  hir.ls'  win^rs  wot,  s..  that  a.lvantafrf  could 
not  be  tak,'n  of  nature's  m.-ans  of  .-scape.  B.'si^l.-s,  the 
cat  had  a  family  of  thr.-e  or  four  fairly  Iari,'e  kitten.s. 
Should  you  doul.t  this  av.-ra-.-  the  tifld  i.s  o,h.m  to  y.u, 
juid  this  niatt.-r  is  of  too  s.-rious  a  nature  to  he  .settled 
by  any  cla.ss-rooni  disoi.ssion. 

Are  tliere  not  compensations  >     Do  cats  not   de.stroy 
mice/      Ui'ii'  we  are  on  favorable  ^r,-,mnd  a^r.-iin  for  th,- 
cat.     It   is,  therefor.',  th.;   bu.sine.s.s  of  ,stu.U-nts  to  cllect 
here   an.l  elsewhere  all  the  evi.lence  pjssible  as  to  the 
mice  an.l  bir.ls  cau<,rht  in  the  course  of  a  sin^de  .sea.son 
by  ni.hvi.lual  cat.s.     "  Binls  are  ;Lrrowin-  fewer  and  few.-r 
each  year,"  is  a  warninj,^  <^\vvu  on  th.-  auth.)rity  of  the 
^'overnment  of  the  United  States,  where  a  really  ,syst,- 
matic  attempt  has  been  made  to  ome  to  .some  .l.'Hnite 
conclusion  renanling  th.-  worth  of  our  native  binls.     It 
will  not  .lo,  therefore,  for  Canadians  to  fold  their  arms 
while  mother  cats  are  at  work  lunitincr  birds  and  bir.l's 
nestlings  for    hungry    kittens.     We    have    no  desire   t., 
wage  war  on  the  cat.    Cats  as  pets,  and  us  interest  ing  and 
even  valuable  memljers  of  the  hou.sehold,  mu.st  never  l)e 
unjustly  treate.l.     We  know  .something  of  the  immen.se 
value  of  takiTig  care  of  some  living  thing.     But  special 
attention   nuist    be    drawn    to    an    animal    that,   by  all 
reliable  accounts,  is  doing  much   to  ri.l   our   fields  an.  I 
blutf's  of  their  bird-life ;  a  loss  we  cannot  aHbrd.     It  is 
surely  not  too  much    to   expect    that  every    person    of 
•ordinary  intelligence  shoul.l  become  so  acquainte.l  with 
the  food-habits  of  the  averag.-  cat  that  an  effort  may  Ix; 
made,  or  a  sentiment  aroused,  that  may  help  to  a.ljust 
cats  and  birds  better  in  the  future.     Such  a  .sentin'ient 
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ill  favor  of  tlie  really  valuablt^  binls  of  our  country 
should  soon  foirc  all  lovers  of  the  doniestic  cat  to  see 
to  it  that  puss  iimst  not  l)e  allowed  to  wander  abroad 
where  nests  and  nestlin^^s  would  be  a  temptation.  .Sucli 
a  sentiment,  too,  would  compel  all  who  wish  to  keep 
cits  about  the  pl;ic<'  to  see  that  these  were  properly 
trained  ami  re^^uhciy  fed. 

Hunting.— While  the  ([uestion  just  considered  is  of 
prime  importance,  there  is  notliing  in  its  nature  tiuit 
will  interfere  with  any  adefpiate  study  of  the  cat  as  a 
whole.  It  is  only  when  such  a  study  is  niach-  th;it  tin- 
cat  as  a  machine  for  the  destruction  of  mice  and  of 
birds  is  i-eally  appreciited.  What  an  elastic  body  a 
cat  has.  What  a  .small  hole  in  the  fence  pass  can 
•jet  throuj;}!.  Once  the  liead  [K-isses  the  obstacle,  the 
body  will  surely  follow.  Has  the  cat  any  means  of 
deterininin<f  what  openin^js  are  and  what  are  not  .safe 
for  her  to  attempt  '  Observe  the  cat's  movements. 
How  .|uietly  she  <^ovs  al)out.  Every  motion  points  to 
her  chief  specialty— huntin<(.  Watch  lier  stalkinj;  a 
bird.  How  carefully  she  moves  forward  until  near 
enou<,di  to  make  the  spring  ettectual.  What  an  amount 
of  muscular  eiierijy  is  thrown  into  the  tinal  movement! 
It  would  be  interestin<,'  here  to  try  to  discover  just  how 
the  cat's  body,  in  other  words  the  cat's  muscles,  bones, 
etc.,  favor  the  makinij  of  such  a  sprinjr. 

Watch  pu.s.s  .•l<^^•lin  at  the  openinj;  of  some  runway. 
How  patiently  she  waits:  not  a  move,  not  a  sound  does 
she  make.  Any  aninwd  jxjssessini,'  .such  ([ualities  has 
certainly  very  valuable  means  of  .securing  its  pre^'. 
Look,  an;ain,  how  th."  cat  can  climb.  No  tree  is  too 
smooth  nor  too  lar^-  for  her  sharp  claws.     Th<;  nestling's 
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8ho  ,„ay  no   secure  .anst   he  housed  at  the  very  en.l.  of 
i.e  snutllest  hranchen.      Uo.-  well  nature  ha/pn.v  d ' 
.erjv.U.n.sp.entsro..^^^^ 

Jl  t.  k..en   ^u^•tnn^^  stealthy  trea.l,  and  a  w.^.derfullv 
'!-t.c  an<l  njuscular  body.     Cats  paws  a.v  to  the  cat  v     ' 
''""""•  /'*^'"1«  are  to  a  hu.nan   hei.,.      With  he    si  .. 
^av^s. .sei.es  the  n.ouse  or  hird,  and  will;  l;:.^^^;^^ 
teeth  she  c,.n.plete.s   the  work.      Exan.ine    .■.    cts   ,    ,t 
earetully.    Count  the  pads,  Hno...,.s  and  toe.s.    How  .  o,s 
eatextend  and  retract  her  daws ^     Look  no.  a    t:.' 
teeth  and  con.pare  then,  with  your  own.     Can  y  „      , 

-yevHlencesofsuch  teeth  hein.  better suit..dtol,"th^ 
-'1  teann^  than  to  chewin.,  ^    Do  the  cat  s  t.eth  su.      t 
.  u-''  '-t.cat.on  before  swallowin.  .>     Notice  the  la;' 
and  endeavor  to  exphtin  its  adaptability.     ExanH,.    tl  1 
upper  suriace  of  the  ton.ue  and 'explain  why       e      e  ^ 
Can  a  bone  so  nn.ch  better  than  a  .lo-.  can      l'^  k  ^t 
the  eyes  and  try  to  find  out  how  the;.,,     "..dit    I 
";.M-huntin,      Exandne  the  pupil  in  ?;,;:,;t:j:; 
also  a^am  m  the  ev<.nin.      What  ditferenc  is^no  e 
what  does  this  diti'e.ence  sij,rnify  ^     Observe  th     fi 
the  dav  when  fl...  ,....  ., "  ..\       ,^"'^V^^_  tl>e  tn„e  of 
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upon  the  wliole  foot?  l)()«'.s  tho  cat  ever  place  the 
whole  foot  upon  the  floor  !  When  ?  Make  the  cat  jump 
from  the  table  so  that  you  may  know  how  thin  is  <lone. 
Notice  how  cleverly  she  lij^hts  on  her  feet.  Trail  a 
strinj;  alon<;  the  Hoor  to  see  her  manner  of  followin^r 
and  seizing  her  prey.  Do  you  se(^  any  a(lvanta<,'«!  arisinj: 
from  the  fondness  of  kittens  for  movinj;  ohjects  ;• 
Cats  are  well  prepared  to  take  care  of  themselves. 
What  is  the  meaning  of  the  arching  of  the  Imck,  the 
erection  of  the  fur,  tlie  movement  of  the  tail,  the 
scratch  inir  and  the  various  cat  noises?  Watch  two  cats 
fighting  if  you  would  see  the  bt'st  use  made  of  all  these 
weapons. 

Devotion  or  Selfishness.— As    the    cat    is    considered 

one   of    the    best   of    the   dumb    mothers,    it    would    be 

well    to    make    some    study   of    the    various    signs    of 

atl'ection  on  the  part  of   the  mother-cat.     Notice  Ikjw 

she  treats  her  kittens;    how   she   nui-ses   them,  trains 

them,    washes    them,    carries    and    protects    them,    etc. 

Shalcr  says: — "The   cat  /.s  the   only  aviimd   that   hits 

been   tolerated,   esteemed    and,    at    t lines,    worshipped, 

without  having  a  single  distinctly   valuahle  ipiality." 

Have  you  discovered  anything  in  your  observation  of 

the  cat  that  would   appear   to  justify    so   sweeping   a 

condemnation  of  the  cat's  social  (jualities  ?     8haler  goes 

on  to  say: — "The  cat  is,  in  a  certain   indifferent  way, 

sympathetic,  and  by  her  caresses,  appears  to  indicate 

affection,  and  has  thus  awakened  a  measure  of  sympathy 

which  she  hardly  deserves.     I  have  been  unable  to  find 

any  authentic  instances  which  go  to  show  the  existence 

of   any  real   love   for   her   master."     Has   Shaler   seen 

correctly  ?     It  must  be  borne  in  mind  that  a  cat's  strong 
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siu'li  afrt-cLion  as  a  <lo^  shows.     T\ 
>f   lit 


12f) 


low  irnf 


e  schish  spirit  or  law 


of   lilf  preservation   shows   itself  even   in   kittens  a  f 


weeks   old.      W'l 
hit  of  mivit  ?      I) 


ly   should  a  kittt-n  snui- 


ew 


when  j^ivf-n   ji 


'o< 


sayoun;.;  do<;  show  this  .s.-Hlsh  spirit 


to   the   same  e.\tent  ?     Tin;   eal's   tt-mpcr    has   also  1 


M'en 


loo 


ked 


upon   as   uneertain,  and    the    pleasant    sound  of 


purrin^r  uv.iy  oidy  mean  .self-satisfactioi 


NOUH 


.t] 


1  or  a  si^^n  that 


linj;  is  wanted.      Do  eats  leave  their  food  to  <,'.)  for 
romp  with  oner     Will  the  i\n>^  ^     Will  il„.  eat"nak(! 


any  sacritice  for  her  master  as  the  <lo<,'  h 
lH3en  known  to  make  ? 


lis  ri'peatedly 


eats 


Cats  and  Disease.-  Finally  h.ar  in  mind  that 
have  been  tin;  imnates  of  oiu-  homes  sinee  Ion;,'  hefore 
the  dawn  of  history.  How  far  they  are  imniuuf;  from 
the  (h'.seases  of  ehilih'en  is  an  oj.en  (juestion.  A  cat 
is  well  will  receive  jnuch  eare ;  a  sick  eat  is 
bound  to  ^ret  nnich  more  attention.  CatH  us  scaven^'ers 
are  not  easily  controlled.  A  wound  from  a  eat  may 
not  always  prove  a  simple  thin^r.  Cats  have  often  been 
seen  p-acin;r  tlu>  window  of  a  ^n-ocery  store.     Tliiidc  of 


that 


wliat  this  may  mean.     Rats  nnd 


mice  must  ])e  kej)t  in 


bounds,  but  surely  by  other  means  than  ]>y  a  house  cat 
living'  in  a  home  with  children.  A  well-f.-d  cat  is  a  poor 
mouser,  while  a  cat  kept  on  short  rations  will  ^it  to  all 
sorts  of  places  and  coim;  hxio  touch  witli  all  sorts  of 
infection.  Such  a  cat,  to  say  the  least,  is  a  very  <|Ue'st  ion- 
able  companion  for  youn^'  children.     Tlu?  purpose,  how- 


ever, of  this  chajjter  is  not  so  much  to  t.-ll  the  story  of 
the  cat's  life,  what  little  we 


now  of  it,  as  to  point  out 


the  way  the  story  may  be  read  in  livin;;  nature  aUmt 
If  this  story  is  to  be  filled  out  and  the  bounds  of  human 
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knnwled^t^  widtMied,  it  will  be  due  to  the  faithful  obsorva- 
tioiiH  of  the  students,  whose  in'  !rest  we  have  succeeded 
iu  arousiujr. 

Questions. 

1.  Describe  the  fur  of  the  cat.  2.  Compare  the  sole  of  the  cat's 
foot  with  that  of  tlie  dog.  3.  How  many  claws  has  each  foot,  and 
how  da  the  claws  differ  from  a  dog's  claws '!  4.  How  does  a  cat 
climb  a  tree?  How  get  down?  5.  Point  out  all  the  qualities  that 
assist  the  cat  in  combating  her  enemies,  (i.  Write  a  short  account 
of  the  cat's  relations  to  the  birds.  7.  Does  the  cat  show  real  affec- 
tion for  her  mistress  or  master?  Point  out  any  features  for  or 
against  this.  8.  M^ke  observations  on — the  cat  a  weather-signal  ; 
the  cat's  hatred  of  the  wet ;  the  cat  and  the  pantry  ;  the  cat  and 
the  b:^rnyard. 
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Earth  and  Sky.-In  the  childhocMl  of  the  race,  men  .s,.w 
he  earth  as  a    at  surface  stretching  away  in  every  direc- 
tion to  a  cn-cular  boundary  callc.I  the  horizon.     Alnne 
they  .S.UV  the  heavens  like  a  <lon.e,  with  its  edges  restin.: 
on  the  hor,.on      Every  day  they  saw  the  sm.  rise  abov: 
the  horizon  s  edge  on  one  side,  pass  over  the  dome  of  the 
sky,  and  sn.k  to  rest  below  the  edge  of  the  horizon  on 
the  other  s.de.     At  night  they  saw  the  n.oon  take  the 
sa.ne  course,  and  at  night  too  they  saw  the  sky  studded 
with  a  n.yr.ad  of  stars.     All  these  the  chil.lren  of  the 
ancient  past  saw,  and  son.e  of  their  wisest  pondered  over 
what  was  seen  and  tried  to  exjjlain  it. 

To-day    we   are    in    danger   of    forgetting    that    the 
heavens  declare  the  glory  of  God."     We  look  too  nmch 
earthwanl,  and  we  n.iss  the  n.agniHcent  picture  of  the 
heavens  and  the  opportunity  of  .liscovering  a  few  of  the 
^^reatest    facts    that    n.o,lern    geography    has    to    teach 
How    nmny   p^ns    have    actually    worked   out    such 
Foblenis  as  .-Does  the  earth   really  turn  on  its  axis. 
Has  the  n.oon  a  motion  on  its  axis  ?     How  ,lo  we  know 
that  the  earth  revolves  about  the    sun  ^     These    and  a 
score  of  other  just  as  interesting   pn.blen.s    have    !>een 
taken  o.i  faUh,  and  no  dc-sire  has  been  created  to  get  at 
the  n.eann.g  of  some  of  the  things  that  have  practically 
created  a  new  heavens  an.l  a  ne^^  earth  to  hun.an  beings 
lo  arouse  son.e  independent  thought,  to  cause  studem's 
o  take  a  n.ore  intelligent  interest  in  a  few  of  the  notable 
t h'ngs  of  astronon.y,  ami  to  eneouraire  all.  rich  ,n,d  poor 
-lu  and  young,  in  an  attempt  to  think  the  thoughts  of 
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some  of   the  world's  {greatest  maatei-s  over  again   after 
tlieiii,  are  among  the  purposes  of  this  chapter. 

The  New  Moon.— In  the  western  sky  sl»ortly  after 
sunset,  a  crescent-shaped  moon  may  be  seen  at  regular 
intervals.  To  get  acquainted  with  the  vew  moon,  as 
this  phase  is  called,  is  to  look  forward  ever  after  to  the 
appearance 'of  this  moon.  An  object  that  has  proved  a 
source  of  much  interest  to  people  in  all  ages  of  the 
world's  history  can  surely  not  be  devoitl  of  interest  to 
modern  men  and  women.  What  can  be  seen  in  this 
wondei-fiil  phase  of  the  moon  ?  How  we  should  g<aze  at 
it  were  it  to  appear  but  once  in  a  century!  Let  us  notice 
its  exact  position  from  time  to  time.  How  far  above 
the  horizon  is  it  when  first  seen  ?  How  long  after  sunset 
does  it  disappear  below  the  horizon  ?  What  is  the  color 
of  the  crescent?  Which  way  do  the  horns  point? 
Do  they  always  point  in  this  direction  ?  From  time 
immemorial,  people  have  seen  these  changes  in  the 
position  of  the  new  moon  and  have  attached  thereto 
nnxch  weather-wise  lore.  Wlien  the  horns  point  earth- 
waitl,  it  is  a  sign  of  wet  weather.  When  the  moon 
stands  well  to  the  south,  fair  weather  mu.st  surely  follow  ? 
Are  these  signs  to  ha  depended  upon  ?  Many  very 
excellent  people  rely  upon  them,  and  to  question  the 
moon-lore  of  some  of  these  people  is  to  gain  their 
displeasure.  What  is  the  right  attitude  to  take  in  such 
cases  ?  Has  not  each  studejit  a  fair  chanqe  to  come  to 
his  own  conclusions  regarding  the  influence  of  the  moon 
upon  the  weather?  Why  not  make  a  record  of  the 
phases  of  the  moon  and  the  character  of  the  resulting 
weather  for  this  year?  Have  you  seen  the  "old  moon 
in  the  arms  of  the  new  "  ?     Have  you  discovered  any 
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reason  for  this  ?     Were  you  standing  on  the  dark  portion 
of  the  new  moon  and  looking  toward  the  earth,  what  <h, 
you  think  you  would  see  ?     You  wonld  s.-e  the  earth 
shining  like  a  very  large  moon,  for  the  earth  is  very 
much  larger  than  the  moon,  and  therefore  revives  much 
more  sunlight  than  the  moon  receives.     This  sunli.rht  is 
m  part  reflected  towards  the  moon,   a  fact  that"  may 
assist  you  in  solving  the  "dark  of  the  moon"  mentioned 
above.     How  do  we  know  that  the  earth  light  may  he 
the  cause  of  this  appearance  ?     The  new  moon  is  visihle 
just  a  little  after  sunset  is  it  not  >     The  moon  an.l  the 
sun  must  have  crossed  the  sky  from  east  to  west  at 
practically  the  same  time  ?     The  sun  would  light  up  half 
the  earth  and  the  greater  part  of  that  half  would  b<. 
facing  the  moon.     In  other  wor.ls,  a  study  of  this  i>osition 
ot  the  sun,  the  moon,  and'the  earth,  means  that  when 
the  moon  is  entering  the  i.hase  called  the  new  moon  the 
earth  is  leaving  a  phase,  we  should  call,  were  we  livinrr 
on  the  moon,  "full  earth."     When  the  earth-light  is  ful? 
the  moon  is  not  visible,  and  when  the  m.K>n  is  full  the 
earth  is  not  visible  ;  the  light  of  the  earth  and  the  luoon 
are  therefore  complementary. 

Returning  to  the  cause  of  the  "dark  ball"  we  find 
that  the  earth-light  falling  upon  the  moon's  surface 
comes  from  nearly  the  whole  face  of  the  earth.  As  the 
earth  is  many  times  the  size  of  the  moon  this  light  must 
be  much  greater  in  intensity  than  the  moonlight  from 
the  lull  moon  could  be.  This  earth-light  illuminates 
that  portion  of  the  moon's  face  that  we  think  is  dark  to 
such  an  extent  that  its  outline  against  the  sky  of  the 
background  is  plainly  seen.  After  a  few  evenin.r.s  the 
crescent  being  larger,  and  the  earth-light  .iiminished'  the 
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dark  ball  fades  from  the  sight.  Another  factor  bringing 
out  tlie  "  dark  moon "  is  tlie  very  mild  light  of  the 
crescent.  How  so  ?  Think  of  a  candle-light  at  mid-day. 
In  making  observations  of  the  character  of  the  new 
moon  it  will  be  well  to  note  accurately  the  moon's  time 
of  setting  for  at  least  three  evenings.  Take  the  average 
loss  and  see  what  this  means  in  the  course  of  a  moon- 
month. 

The  First  Quarter.— Several  days  after  the  first 
appearance  of  the  new  moon,  the  moon  will  be  half 
illuminated  and  \y\\\  have  reached  the  phase  called  the 
first  quarter.  Note  the  position  of  this  moon  in  the 
early  evening.  When  did  this  moon  rise  ?  About  what 
time  will  it  set  ?  Is  the  line  inarking  the  left  edge  fairly 
distinct  ?  How  many  df  ys  are  there  from  new  moon  to 
the  moon  in  its  first  (luarter  ?  Refer  to  the  almanac  to 
see  how  far  astray  your  answer  is. 

The  Full  Moon. — The  moon  steadily  grows  (waxes) 
until  the  third  phase,  or  full  moon  is  reached.  This  is 
usually  a  delightful  n»oon  for  the  reason  that  it  furnishes 
those  who  wish  to  be  abroad  at  night  with  a  capital 
light.  Aside  from  this  the  full  moon  is  interesting. 
Note  how  big  it  appears  at  the  horizon.  Can  you 
accoinit  for  this  peculiainty  ?  Have  you  been  able  to 
make  out  the  human  face  that  so  many  pretend  to  find 
in  the  moon  ?  Does  this  face  look  to  the  right,  left  or 
front  ?  Where  is  the  sun  ''hen  the  moon  is  rising  ?  Do 
you  see  why  the  moon  should  be  full  ?  Does  the  full 
moon  rise  at  the  same  point  on  the  horizon  as  the  sun  ? 
In  moving  up  from  new  moon  to  full  moon,  the  moon's 
growing  edge  showed  an  uneven  appearance.  This  is 
what  is  called  a  gibbous  moon. 
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Last  Quarter.-Aftor  read.in^.  the  full  „,oon  phase, 
the  moon  be^nns  to  decrease  or  to  u.nie.     Make  a  note 
of  the  e.lge  you  first  see  rlin.lnishin...  and  ascertain  if 
tlje  order  of  waning  is    the  san.e  as  that  of   waxinc. 
The  n.oon  nses  later  and  later  after  the  full  n.oon  sta^^e 
has  been  passed.     There  n.ay,  therefore,  be  s<.n,e  diffionlU' 
a  ter  a  few   evenings  in  seeing  the  gra.lual  changing, 
llns  ,s  easily  corrected  in  the  winter  months,  for  tlTe 
•noon  n.ay  be  seen  in  the  early  n.orning,  ami  its  time  of 
rising  and  settn.g  approximately  ascertained.     The  next 
stage,  or  la,t  quarter,  of  the  moon  is  the  stage  equivalent 
to    he  moon  in  its  fii-st  quarter.     The  only  difference  lies 
in  the  fact  that  thi.  n.cx.n  is  the  rever.se  of  the  waxincr 
moon.     The  appearance  of  the  moon  between  the  last 
quarter  and  the   new   nuxjn   presents  many  interesting 
features.     The  crescent-shape  is  shown  again,  the  horns 
pomt.ng  to  the  observers  right.     To  .see  this  moon  one 
must  look  m  the  e^istern  sky  a  short  tin.e  l^^fore  the  sun 
rises.     Look  for  signs  of  the  "  old  moon  "  here  again. 

After  this  the  moon  will  not  be  visible  for  a  few  Cuvs 
and  may  not  be  seen  until  it  appears  again  in  'he 
MX>stern  sky  as  the  new  mo<.n.  How  is  this  vanish!  .c 
of  the  moon  explaine.l  ?  Can  you  see  why  an  eclipse  (f 
the  sun  should  take  place  between  the  last  .,uarter  and 
the  new  moon  ?  Can  you  also  see  why  an  eclipse  of  the 
moon  should  take  place  alx)ut  the  time  of  the  full  moon  ? 
Can  you  likewise  see  why  the  moon  always  presents  the 
•same  face  to  the  earth  ?  What  evidence  have  you  that 
the  moon  revolves  about  the  earth  ?  In  what  time  is 
this  done  ? 

The  Sun.— There  are  a  few  features  connected  with 
the   movement  of    the    sun    across    the   sky    that  are 
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easily  observed  and  that  tend  to  make  the  sttidy  of 
astronomical  <;eograpliy  much  more  interestinj^.  On 
Septemy)er  the  twenty-second ;  in  otlier  words,  at  tlie 
time  of  the  autumnal  ecpiinox,  make  a  note  of  the  exact 
points  where  the  sim  rises  and  sets.  Note  the  curve 
taken  in  the  sky  between  these  points.  About  what 
part  of  the  whole  circle  is  this  curve? 

Take  the  altitude  of  the  sun  at  sun-noon.     To  carry 
this  out,  set  a  stick  (a  piece  of  a  broom-han<lle  with  a 
sharp  nail  in  one  end  will  do)  vertically  on  the  floor  in 
the  sunlight.     Between  ten  and  eleven  o'ciock,  note  the 
end  of  the  sha(h)W  cast  by  the  stick  and  mark  this  with 
a  piece  of  chalk.     Make  a  Icjop  at  the  end  of  a  cord  and 
drop  this  loop  over  the  vertical  stick.     With  the  stick  as 
centre  and  the  length  of  the  shadow  as  radius  describe  a 
circle.     In  the  afternoon  watch  for  the  presence  of  the 
tip  of  the  shadow  of  the  stick  on  uiie  circle.     Mark  the 
exact  .spot  and  bisect  the  curve  between  the  two  marks. 
Produce  this  line  of  bisection  in    the   direction   of   th 
stick.     This  line  is  the  noon-line  .A  the  sun.     Whenever, 
therefore,  the  shadow  of  the  stick,  falls  upon  this  line  the 
sun  is  on  your  meridian.     Compare  sun  time  and  school 
time.      What    direction    does    the   noon-shadovr   take  ? 
Where  are  the  real  east  and  w  est  ?     Now  construct  a 
ritdit-angled  triangle  having  the  vertical  arm  the  exact 
length   of  the  stick,  ,...d  the  horizontal  arm   the  exact 
len'fth  of  the  noon-shadow  of  the  stick.     Join  the  ends 
of  the  arms  and  ascertain  the  angle  made  by  the  hypo- 
thenuse  and  the  horizontal  arm.     This  angle  gives  you 
the  altitude  of  the  hun  at  noon,  September  22nd- 
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Make  a  note  of  the  jx)iuts  of  the  sun's  rising  and 
setting  an.l  also  the  length  of  the  day  at  least  once 
every  two  weeks.  What  have  you  learned  from  this  ? 
May  we  say  that  as  the  sun  rises  more  and  u»ore  to  the 
south  and  sets  more  and  more  to  the  south,  winter  is 
coming  nearer  and  nearer?  On  December  21st  make  the 
sanje  kind  of  observations  that  were  made  on  September 
22nd.  This  is  what  is  called  the  mid- winter  sun,  and 
the  sun's  altitude  at  this  time  is  the  least  possible  for 
our  latitude  and  the  daylight  necessarily  the  shortest  of 
the  year.  Take  the  difference  of  the  December  and 
September  altitudes  and  note  the  angle  of  difference. 
How  does  the  angle  compare  with  the  angle  representing 
the  inclination  of  the  earth's  a.xis  ?  How  is  this 
explained  ? 

The  Stars.— In  January  you  will  see  between  the 
eastern  horizon  and  the  zenith  a  cluster  of  stars  like 
that  in  Fig.  37. 

This  is  the  constellation  of  Orion,      o 
one  of  the  fine.st  of   the   many  fine       W  ^ 

constellations.     Watch  this  constella- 
tion, .,ay  once  a  week  for  a  perio<l  of  n 
three  months,  and  note  its  behavior.             ♦   * 
Soon  its  place  will  be  taken    up   by     ^        I 
other  constellations  coming  up  from  ^ 
the  east,  which  in  turn  pa.ss  on   and               ^,0  37 
disapjwar  towards  the  v.^est 

The  ancient  astronomers  saw  this  strange  phenomenon 
and  explained  it  in  their  own  mythical  way.    What  does 
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Fio.  38. 

A    i)a.s  enger    is    travelling    round    a    circular    track 

A,  B,  C,  I).  At  A,  he  passes  a  stone  hcnise ;  at  B,  he 
passes  a  brickyard ;  at  C,  a  herd  of  cattle  in  a  field  ; 
and  at  U,  a  windmill.  As  the  passenger  goes  by  A 
again  he  says: — "Why  I  have  seen  that  house  before." 
This  is  confinned  at  B,  and  again  at  C  and  D.  The 
piussenger  finally  concludes  that  he  has  been  on  a 
circular  track. 

In  the  same  figure,  A,  B,  C,  D  is  the  orbit  of  the 
earth  about  the  sun,  A,  B,  C  and  D  representing  stages 
in  the  journey,  separated  by  periods  of  three  months. 
At  A,  a  man  we  may  suppose,  views  the  heavens  above 
his  head  and  sees  a  cluster  of  stars  designated  P.  Three 
months  later  at  B  he  does  the  same  thins  at  the  same 
time,  but  sees  a  new  constellation  Q,  while  the  con- 
stellation formerly  seen  above  is  now  disappearing  below 
the  western  horizon.     At  C  he  sees  a  new  constellation 

B,  and  at  D  still  another  constellation  M.     Finally  he 
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returns  to  A  wlu-ie  he  sees  a^rai„  the  same  constellation 
ot  a  year  a<,'o.  He  s^iys,  or  may  l>e  supiMjsed  to  have 
said:—"  Why,  I  have  been  liere  iHifure!"  Tliis  C(jnclusion 
IS  confirmed  at  B,  and  reoonHrm.d  at  C  and  I).  In 
otlier  words,  the  observer  and  the  earth  hnve  ma<]e  a 
^journey  aV^.ut  tlie  sun,  and  the  stars  have  nuuJe  a  record 
of  this  journey. 

Finally  take  a  ^r..o<l  look  at  the  constellation  called 
the  "Great  Dipper."     Count  the  stars  in  this  constella- 
tion, noting  their  respective  positions.     The   two  otUer 
stars  point  to  a  large,  bright  star  much  higher  in  tlie 
sky.     These  stars  are  called  the  poinfers.  and  the  star 
pointed  to  is  called  Polaris,  or  the  North  star.     Watch 
the  behavior  of  the  Dipper  a  few  evej.ings.     Find  out 
how  it  turns  al)out  the  North  star.     Does  it  move  in  the 
direction  of  the  hands  of  a  clock  or  the  revers(>  direction? 
How  high  is  Polaris  ?     Pick  on  some  star  farther  away 
from  the  North  star  and  note  its  motion.     Folhnv  this 
unt'l  you  can  satisfy  yourself  that  some  stai-s  never  set 
anf'    -.thers  rise  and  set.     Finally,  take  enough  interest 
m  the  sky  to  become  acquainted  with  the  main  planets 
and  constellations. 

Questions. 

1.  What  have  you  ohserved  as  to  the  effect  of  the  m..o,i  on  the 
weather  ?  2.  Does  the  winter-mo.in  ride  as  hi-h  in  the  .-sky  as  the 
sunuuer-nioon  ?  3.  Head  the  n.yt},  in  connection  with  Oriun. 
4.  Fnid  out  the  meaning  of  the  m.-rning  and  the  eveninir  stai-s. 
0.  How  far  north  of  the  equator  does  a  vertical  sun  get  T  Why 
not  farther  north  than  Miis  ?  (5.  If  the  earths  axis  incline.l  40'  to 
the  plane  of  the  earth's  or))it,  where  would  the  tropics  he  placed? 
How  wide  would  the  Torrid  Zone  he  ?  How  wide  would  the  North 
Temperate  Zone  he  ?  How  would  this  affect  the  summer  seas<.n  ot 
the  Canadian  West?  7.  Find  out  the  names  of  the  stars  marked 
1  and  2  in  Fig.  37. 
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Introduction. — The  word  "  science "  is  dt-rived  from 
a  1^1  in  word  which  means  "  to  know,"  and  scientific 
knowledge  differs  from  common  knowledge  only  in 
being  moi-e  orderly  and  exact. 

Our  senses  make  us  aware  of  the  fact  that  there  are 
objects  outside  of  oui-selves.  Such  objects  we  ciiW  matter. 
Matter  caiuiot  be  defined,  but  is  known  by  its  properties. 
Anything  which  occupies  space,  has  weight,  or  offers 
resistance,  may  ])e  classed  as  matter.  Fronj  tliis  it  is 
evident  that  such  substances  as  w(K)d,  plaster,  stones, 
clay,  sand,  water,  are  matter,  but  what  is  to  be  said 
of  air  ?  If  we  are  not  certain  we  may  arrive  at  a 
satisfactory  conclusion  by  making  a  test. 

EXPEUIMEXT  1. — Press  a  tumbler  mouth  downward 
into  water  (Fig.  39).  Does  the 
water  fill  the  tumbler?  Why? 
Is  air  matter  ?     Why  i* 

Such  a  test  as  the  above  made 
for  the  pui'jwse  of  gaining  know- 
ledge is  called  an  experiment. 
Before  performing  an  experiment 
the  student  should  know  what 
information  he  is  aiming  to  gain  by  the  test  he  is 
n»aking.  Without  a  definite  aim  he  is  simply  toying 
with  apparatus  and  is  not  experimenting  in  any  sense. 
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Does  air  irresn  ov  the  objects  It  sui'roands  f 

Experiment  2.— Fill  a  tuinbler  with 
water.  Cover  the  top  with  a  piece  of 
paper.  HoM  the  pajx'r  in  jjlace  and 
invert  the  tuuihler  as  in  Fii^.  40. 
Remove  the  hand.  ])o('s  the  wjitt-r 
run  out  '.     Why  ? 

Experiment  3.— Fasten  a  she.t  of  thin  rublwr  over 
the  wide  end  of  a  funnel  or  thistle  tul)e  as  in  Fij;.  41. 

Put  a  piece  of  rul)l)er  tuhiuir 
on  the  small  eml.  By  placing; 
the  mouth  at  the  small  end 
suck  out  some  air.  Scpieeze 
the  tuhe  to  prevent  the  air 
from  returninfr.  What  form  does  the  rublxr  on  the 
larjre  end  tnke  ?  Why  ?  Turn  the  end  of  the  funnel 
upwanls,  downwards,  sidewise.  Does  the  air  press  in 
all  directions  i  Did  the  air  exert  pressure  on  tlie  end 
of  the  funnel  before  the  air  was  drawn  out  ^.  Why 
was  the  sheet  rubber  not  bent  f  Su^tjest  a  reason  why 
we  are  not  more  conscious  of  the  prtissiwe  of  the 
atmosphere.  How  was  it  possible  for  you  to  take  part 
of  the  air  fiom  tlie  fuiuiel  by  suction  (  How  do  we 
take  air  into  the  lun<;s  ?  How  is  it  exijelled  from  tlu; 
lunjfs  ? 

EXPERIMEXT  4.— If  your  laboratory  is  supplied  with 
an  air  pump,  place  a  Ix'll  jar  on  the  plate  of  the  pump 
and  extract  part  of  tlie  air.  Try  to  lift  the  jar  from  the 
plate.     Account  for  the  result. 
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Make  a  stateincnit  of  what  you  have  loanu'd  from 
Expcriinonts  2,  3  and  4  with  n-i^ard  to  the  pressu  e  of 
the  atiiioKplit're. 

Is  air  comprexi^Ude  ? 

ExE'ERlMEXr  5— Put  onou^di  water  into  a  small  thin 
^fjass  Ixittle  or  test  tube  so  that  it  will 
just  float  when  inverted  in  water.  Place 
it  in  a  larjjer  bottle  of  water  as  in  Fio-. 
42.  Now  press  a  rubber  stopper  into 
the  lar<^e  bottle  and  observe  the  air 
in  the  small  bottle.  Does  its  volume 
chanj^e  ?  Why  ?  Is  air  compressible  ? 
Why  does  the  small  lK)ttle  sink  ? 

NoTK. -If  the  large  bottle  is  fliit  and  the 
stopper  CJirefiilly  !i(ljii8teil,  the  snmll  J)()ttle  may 
be  made  to  .sink  or  rise  at  will  by  sijueezing  the 
large  bottle 

When  the  captain  of  a  submarine  boat  wishes  it  to 
sink  beneath  the  .surface  of  the  water  he  opens  a  valve 
which  allows  <ras  to  escape  from  a  chaniber  and  water  to 
take  its  place.  To  l)ring  the  boat  to  the  surface  the 
water  is  aj^ain  replaced  by  j^a.s.  Why  is  it  possible  to 
pump  air  into  a  football  which  is  already  full  of  air? 
Explain  the  working  of  the  bellows. 

EXI'EIUMENT  6.— Fill  a  ti-st  tube  with  water.  Place 
the  tlunnb  ovei-  the  open  t-nd,  invert  it  and  place  the 
mouth  just  under  the  sui-face  of  water.  P -move  the 
tlunnb.  Why  does  tln'  wat«-r  not  run  out  of  the  tube  ? 
If  tlu*  tube  were  35  feet  long  the  water  would  fall  two 
or  three  feet  when  the  tlunnb  was  remove<l.  Account 
for  this  fact.      Mercurv  is  i.'J.ii  times  heaxier  than  water. 
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If  the  atmosphere  will  support  a  column  of  water  33 
feet  hi^rh,  M-hafc  is  the  h.^Vl.t  of  thr  m.-reury  column 
which  it  would  support  ^  If  your  lahurat-.rv  is  suppli.-.l 
with  a  barometer  tulx-,  fill  it  with  m.-reur^  .  i"'nvert  it  in  a 
dish  of  mercury,  measure  the  height  of  the  column  and 
find  if  your  calculation  is  cornet.  (If  33  feet  were 
correct  for  your  altitude  the  mercury  column  should 
measure  29.1   inches). 

The  pressure  of  the  atmosphere  is  l^ss  before  rainy  or 
windy  weather,  hence  at  .such  times  the  column  of 
mercury  is  not  .so  hi<rh  as  in  tine  weather:  thus  the 
barometer  is  a  useful  instrument  to  foretell  the  weather. 
It  will  al.so  be  seen  that  the  l)aromet,>r  may  l)e  u.sed  to 
m  -asure  the  hei^rht  of  mountains  since  the  atmospheric 
pre.ssure  must  decrease  as  w.-  ascend,  leax  in^r  part  of  the 
atmosphere  bHow  u.s.  Nt,ir  ,sea  l.-Vid  the  barometer  falls 
about  1  inch  for  an  ascent  of  900  feet. 

The  averacre  barom.'ter  ivadinjr  ,it  Brandon  is  28.8 
inch.'s,  while  at  .sea  level  it  is  30  inches.  What  is  the 
heiirht  of  Brandon  above  sea  level  f 

We  live  at  the  bottom  of  an  ocean  of  air  200  miles 
deep  thoujxh  one-half  of  it  lies  within  3.\  miles  c.f  the 
earth's  surface.  The  atinosphere  pre.s.ses  about  on.'  ton 
on  every  s(|uaiv  foot  of  surface,  hence  our  bodies  are 
subjected  to  an  enormous  pressuiv.  Wl>  sutler  no 
inconvenience  from  this  since  air  and  r.ther  ^rjises 
»vithin  th.'  tissues  of  the  body  counterbalance  this 
i.re.ssure.  If^  how<-ver,  w(>  weiv  to  ascend  to  ^rvnt 
hei^dits,  as  in  mountain  climbin^r,  tli.-  outside  pressure 
wouM  be  le.s,sened  and  the  pr.'ssur.'  from  within  the 
ti.ssues  of    the    body    would    picbably    drive    blood  out 
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through    the    thin    membranes    of    the    nose    or    ears. 
Mountaiii  climbers  often  sutt'er  in  this  way. 

The  Common  Pump. — The  atmospheric  pressure  is  an 
important  factor  in  the  working  of  licjiiid  pumps,  as 
will  be  seen  by  the  study  of  the  connnon 
pump.  When  the  piston  (Fig.  43)  is 
pushed  down  the  valve  at  b  closes  and 
the  air  raises  the  valve  a  and  rises 
above  it.  On  the  upward  stroke  a  closes, 
and  the  air  above  it  is  lifted,  decreasing 
tlje  pressur':  below  the  piston.  The  air 
below  b  now  raises  the  valve  b  and 
^  flows  into  the  space  below  the  piston. 
The  air  pressing  on  the  water  of  the 
well  at  c  forces  the  water  up  the  pump. 
When  the  piston  again  descends  valve  b 
clases  as  before  and  the  water  raiser;  the 
valve  a  and  flows  above  it  to  V<J  lifted 
on  the  upwanl  stroke  to  the  spout  where 
it  runs  out. 

Draw  a  diagram  of  the  pump  showing  the  position  of 
the  valves  in  the  upward  stroke  of  the  piston. 

Since  the  atmospheric  pressure  is  e(iual  to  the 
weight  of  a  column  of  water  not  more  than  33  feet 
high,  what  is  the  greatest  height  that  the  piston  may  }>e 
placed  above  the  level  of  the  water  in  the  well  to  allow 
the  pump  to  work  ?  How  high  could  mercury  be 
drawn  ?  E.xplain  the  necessity  of  long  piston  rods 
where  water  is  pumped  from  deep  wells. 

From  the  study  of  the  pump  explain  the  drinking  of 
w;iter  through  a  glass  tulx?  or  straw.  Why  can  this  be 
done  without  the  use  of  a  valve  ? 
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Questions. 

1.  Define  science,  matter,  experiment.     2.  How  would  you  show 
that  air  presses  ecjually  in  all  directions  at  a  given  point?    3.  What 
properties  of  air  make  it  useful  for  filling  bicycle  tires  and  foot- 
balls?    4.  How  does  a  cai.tfiin  of  a  submarine  cause  his  boat  to 
sink  below  the  surface  ?     5.   Why  is  mercury  used  in  preference  to 
water  in  the  construction  of  a  barometer?    6.  For  what  purposes 
may  a  barometer  be  used  ?    7.  What  is  the  weight  of  the  atmos- 
phere on  an  acre  of  ground  when  the  barometer  reading  is  29 
inches  ?    8.  The  altitude  of  Winnipeg  above  sea-level  is  ab.jut  TW 
feet,   what  should  be  the   average   reading   of   the    barometer  at 
Winnipeg  ?    9.  Twelve  cubic  feet  of  air  weigh  about  1  lb.,  find  the 
weight  of  the  air  in  your  schoolroom.     10.   Why  should  a  person 
breathe  faster  on  a  mountain  than  in  a  valley?    11.  Measure  the 
length  and  width  of  your  hand  and  estimate  the  pressure  of  the 
atmosphere  on   it    when    the    barometric    reading   is  28  inches. 
(Note.— A  cubic  foot  of  water  weighs  02^  lbs.  and  mercury  iz  13.6 
times  heavier  than  water.)     Why  is  your  hand  not  crushed  by  auch 
a  pressure?     12.   Why  do   mountain  climbers  often   fjuffor   from 
bleeding  at  the  nose  ?     13.  Why  should  a  pump  ;,-ith  r.  large  piston 
be  difficult  to  work  ?     14.  Make  a  diagram  to  scale  <^f  .i  pump  to 
raise  water  from  a  50  foot  well.     15.  What  is  wrong  in  .-.  pump 
which  has  to  be  primed  before  it  will  draw  water  ?     10.  To  keep  a 
pump  from  freezing,  a  small  hole  is  bored  in  it  to  .-.llov,-  the  v/cter 
to  run  ofi'.     Would  it  matter  whether  thic  hole  wore  Iwred  ..bove 
or  below  the  cylinder    in    which    the   piston    works  ?     Explain. 
17.  Although  it  is  possible  to  draw  water  over  30  foot,  in  practice 
pumpmakers  place  the  cylinder  as  near  the  water  level  of  the  well 
as  possible.     Show  the  wisdom  of  this. 
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Force,  Work  and  Power.— A  for<'e  is  that  wliich 
causes  or  tends  to  cause  motion.  If  a  boy  puslies 
or  pulls  on  a  liaiul-sleitfli,  lie  exerts  force  even 
thou<;h  he  is  not  able  to  move  it.  When  a  force 
actintj  on  ati  object  causes  it  to  move,  work  is  said  to  be 
done.  If  the  boy  cau.ses  the  sleiijh  to  move  he  does 
work.  The  amount  of  work  he  does  depen<ls  on  the 
measure  (jf  the  force  he  exerts  and  on  the  distance 
throuirh  which  the  force  acts.  If  he  pulls  ten  pounds 
on  the  sleigh  and  continues  with  the  same  force  until 
the  sleigh  moves  one  foot  he  d  h^-s  iei^  frtot  pot'/ndc  of 
work.  To  lift  a  100  lb.  sack  of  tlour  vertically  through 
two  feet  would  re(|uire  200  foc^t  pounds  of  work. 

The  rate  at  which  work  is  done  is  called  pmver.  The 
unit  of  power  in  common  u.se  is  the  liorsr-power.  It  i.s 
estimated  that  the  average  horse  can  ])ull  with  a  force  of 
100  pounds  and  walk  at  tlie  rate  of  '.VI  miles  per  hour,  or 
in  other  words,  he  can  woik  at  the  rate  of  33,000  foot 
pounds  per  minute.  Machinists  use  this  standai'd  when 
they  speak  of  an  engine  a.s  being  of  10  horse-power,  etc. 

Machines. — In  order  to  apply  force  to  good  advantage, 
iwim  uses  devices  which  are  calleil  machines.  A  machine 
cannot  of  itself  do  work,  in  fact  work  is  lost  in  a 
machine  for  it  recpiires  force  to  move  it.  Nevertheles.s 
the  advantage  often  nuji-e  than  makes  up  for  the  loss. 
The  advantages  gained  by  maeliines  are  :  — 

146 


i\  I 


MACIIIXES. 


147 


1.— Force  may  he  applied  in  a  more  convenient 
direction.  F,,,-  ,.x;iinple,  a  workman  may  stand  on 
the  ground  and  raise  a  hunch  of  shin^des  to  the  roof 
of  a  buildinjr  by  means  of  a  r..pe  and  pulley  The 
man  pulls  d,nvn,  the  shingks  move  up.  What  other 
advantatfe  is  f^aiiiecl  :* 

2.— We  may  use  other  forces  tlian  our  own  to  do 
useful  work.  Horses,  the  win.!,  steam,  water  or  electricity 
may  tlius  be  made  to  do  our  work  for  us. 

3.— A  crreat  force  movin^r  slowly  may  be  used  to  make 
a  small  bo.ly  move  rapidly,  or  a  small  forci-  moving 
rapidly  may  be  made  io  mcni;  a  large  body  slowly. 

The  third  use  is  one  of  nnieh  imiKutance,  and  in  the 
description  of  a  few  simple  machines  which  follows  the 
student  shoul.l  note  carefully  the  relations  between  the 
forces  and  the  distances  through  which  they  move. 

The  PuUey. 

Experiment  7.— Arrange  two  pulleys  as  in  Fig.  44. 
The   counterpoise    <■ 

should  be  heavyenough    ^  r-i  ^^^^_^ 

to  support  the  weight        i^  ^         ^ '  '  "^ 

of  the  lower  pulley. 
Make  %v  any  convenient 
weight  and  make  / 
heavy  enough  to  sup- 
port it.  Compare  ihe 
weights  of  /  and  n\ 
Pull  /  down  a  distance  I 
of  two  inches  and 
measure  the  distance  ly  moves, 
distances. 


Kilt  4  J. 


Repeat,  u.sing  different 
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Note.— If  puUoys  cannot    be    secured,    a  hard  string  sliding 
through  smooth  iron  rings  will  answer  fairly 
well.     Small   spring  balances  may   be   used 
z'  "X  instead  of  weights  w  and/. 

Wliat  are  tlie  two  advantages 
gained  by  pulleys  arranged  as  in 
Fig.  44  ?  With  such  a  system  what 
would  be  the  heaviest  weight  a  man 
weighing  150  lbs.  could  raise? 
Through  what  distance  would/  move 
to  raise  tv  five  feet  ? 

A  number  of  pulleys  are  often 
arranged  as  in  Fig.  45,  so  that  a 
great  weight  may  be  raised  by  the 
use  of  a  moderate  force.  If  a  man 
weighing  150  lbs.  were  to  use  all  his 
\Jiy  weight   iri  pulling   at  /,  how   many 

pounds  could  he  raise  at  w  ?     How 
2«  many  feet   would  /  move    in   order 

to  raise  w  two  feet 


Note.— It  will  be  seen  that  1  lb.  at  / 
will  raisj  6  lbs.  at  %v.  Give  rer.8ons  for 
the  correctness  of  this  answer. 

'    The  Lever. 

Experiment  8. — Take  a  three-foot  rule  or  any  straight 
bar  marked  ott'  into  fractions  of  an  inch.  Arrange 
this  on  a  pivot  (fid- 


crura)  as  in  Fig.  46 
Place  a  counterpoise 
C  on  the  shorter  arm 
to  balance  tlic;  greater 
weight  of  the  longer 
arm.  Attach  spring 
balances  at  P  and  w. 


U 
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Pull  downward  on  the   balances  with  forces  such  that 

the    lever    i.s    kept  horizontal.      Take    the  readinifs  P 

and  w.     Compare  the 

product  P  X  distance 

P  f  with   w    X    dis- 
tance  w  f.     Measure 

the  distance  w  moves 

while    P    moves    a 

given    distance,     say 

four  inches.   Compare 

the  product  P   x    the 

distance  it  moves  with  ^"''  ♦^-Sfcona-ciass  i,ever. 

the  product  w  x  the  distance  it  moves. 
Experiment  9.-Perform   similar   experiments    with 

levers  of  the  second 
a  n  d  t  h  i  r  d  c  1  a  s  s, 
arranifin^  the  levers 
as  shown  In  Fiijs.  47 
and  48. 

Repeat  Experi- 
ments 8  and  9,  vary- 
intj  the  distances  jy  f 
and  ir  f. 

Pio.  48.-TWrd-cla«»  Lever.  „-.. 

ihe    alj<n-e    results 
^'liould  he.  expressed  as  follows : 

The  power  onulHpHed  by  if.,  di.sfunce  from  the  ful- 
cntni  is  equal  to  the  wciyht  mulfipUnl  by  its  distance 
from  the  fidcnun,  or  the  power  multiplied  by  the 
distance  through  which  it  acts  is  equal  to  the  weight 
midtiplied  by  the  distance  through  which  it  acts.  Tliis 
is  called  the  law  of  levers. 


w 
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The  law  of  lovers  is  the  law  (jf  all  imichiiies,  and  may 
Ixj  briefly  stated  thus : — The  force  and  the  resistance  rary 
INVERSELY  US  the  distances  thruiujh  which  each  acts. 

Be  sure  that  you  understand  the  meaning  of  the  word 
"inversely,"  for  example,  the  4uantity  of  sugar  that  may 
Ije  purchased  for  one  dollar  varies  inrersely  as  the  price 
per  lb.  Give  other  examples  of  its  meaning;  and  compare 
it  with  the  term  reciprocal  as  applied  to  fractions. 
The  Wheel  and  Axle. 

In  the  wheel  and  axle  shown  in  Fi;,f.  40,  the  axle 
is  much  smaller  than  the  wheel  and  turns  with  it. 
The  njechanical  advantaije  gained  by 
this  device  is  explained  by  the 
principle  of  the  lever.  It  is  evident 
tliat  w    X    h  r.   =  f  X   a  c. 

Examples  of  the  wheel  and  axle  are 
found  in  the  windlass  and  the  capstan. 

Gear  wheels  (Fig.  50)  are  much 
used  in  machinery.  The  principle  is 
that  of  the  wheel  and  axle,  liy  using 
a  train  of  geared  wheels  great  me- 
chanical  advantage   may   be  gained. 


Fio.  49. 


When  the  diameters  of  h 
and  c  (Fig.  50)  are  known  anil 
the  number  of  cogs  in  a  and  d, 
the  relative  values  of  tv  and/ 
may  be  found  by  applying 
the  law  of  machines. 

For  example,  if  the  niimber 
of  cogs  in  a  and  d  be  27  and 
9  respectively,  then  h  will 
make  3  revolutions   foi-  each 
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revolution  nuule  by  a.  .:  f  x  .S  tina-.s  the  .liaiuet..,-  of 
^  -  w  X  the  diameter  of  axle  c.  What  i.s  the  iwincinle 
involve.1  111  the  gear  of  a  l^ieycle  I 

The  Inclined  Plane  is  used  t<.  eiia})Ie  a  small  force 
Hctuig  throuul,  a  longer  distance  to  acc.i.ipli.h  the  work 
ot  a  larger  force  acting  through  a  shorter  distance  F,>r 
example,  in  Fig.  5Uibc,ab  and  a  c  rei„vsent  the  .listances 

/     C 


Fio.  51. 

3,  4  and  5  ft.  respectively,  the  weight  w  is  raised  a 
vertical  height  of  3  ft.  in  moving  5  ft.  up  the  incline.l 
plane.  If  w  =  100  Ihs..  then  3  x  100  =  5  x  force 
re(|uired  to  move  it  up  the  plane,  i.r.,  f  .=  60  l}).s. 

The  Wedge  (Fig.  52)  has  two  i.idined  faces,  and  is  an 
example    of    the    application    of    the 
principle   of   the   inclined  plane.     In 
moving  the  distance  (/  c  the  Ijlock  is 
opened  the  di.stance  a  b. 

The  Screw  (Fig.  53)  which  is  a 
combination  of  the  inclined  i)lane  and 
the  lever,  raises  the  weiglit  a  vertical 
<listance  equal  to  the  distance  Ijetween 
two  adjoiiiing  thread.s  for  each  cuni- 
pleto  revolution  of  the  lever. 
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If    in  figure  53   there  are  5  tlireads  to  the   inch   on 
the  screw  and  tlie  lever  is  3A   ft.  lon<,',  then  the  jK.wer 

will  move  a  distance  ecjual  to 
the  circumference  of  a  circle 
7  ft.  in  diameter,  wliile  the 
weiijlit  is  rais«'d  ^  of  an  inch. 

••  *t'  X  1  =yx  7  X  12x  V. 

Or  w  =  1320  X  /. 

That  is  a  pnH  of  1  lb.  at/ 
will  raise  1320  lbs.  at  v\  if  no 
allowance  be  made  for  friction 
in  the  screw. 

Great  mechanical  advantaj^e 
is  gained  by  means  of  the 
screw,  and  hence  it  is  used  for 
raising  buildings,  lifting  large 
masses  of  rock,  drawing  tim- 
bers of  buildings  into  place.etc. 
Note.  -Part   of   the   works  ..f  an   old  chjck   may   be    UHed   to 

illustrate  the  wheel  and  axle  and  the  gear  wheels  ;  a  toy  cart  and 

a  8n»(>f)th  hoard  placed  at  different  angles  for  the  inclined  plane  ; 

an  axe,  the  blade  of  a  jack-knife  or  a  chisel  for  the  wedge,  and  a 

bolt  and  nut  or  a  vise  for  the  screw. 

Questions. 

1.  Define  force.  (Jive  examples.  2.  Define  work.  What  is  a 
unit  of  work  ?  3.  A  man  weighing  180  lbs.  in  climbing  a  stairs 
rises  vertically  ]2  feet.  How  much  work  does  he  do?  4.  How- 
much  work  is  done  in  elevating  100  bushels  of  wheat  a  height  of  80 
feet  ?  5.  How  many  foot  pounds  of  work  is  done  in  pumping  50 
gallons  of  water  from  a  well  40  feet  deep  ?  (A  gallon  of  water 
weighs  10  lbs.).  G.  A  team  of  horses  draws  a  load  of  li  tons  up  a 
liiii  00  fet)t  high.     How  much  work  is  done       7.  I'erform  10  foot 
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pounds  of  work  on  a  2  lb.  weight.  8.  If  to  punjp  2,000  gallons  of 
water  from  a  certain  well  requirts  an  ex|H!n<iiture  of  «0»),0(M>  f..ot 
IK>und8  of  energy,  find  the  depth  of  the  well.  9.  Define  ix)wer. 
What  unit  of  power  is  in  coinumn  use  ?  Define  this  unit.  10.  Of 
what  power  would  the  engine  in  iiii  elevator  reifuire  to  be  so  that  it 
could  elevate  1,800  bushels  of  wht^t  a  height  of  80  feet  in  an  hour? 
11.  Niagara  Falls  is  150  feet  high  and  it  is  estimated  'li.ir  70(J.000 
tons  of  water  pass  over  in  a  minute.  If  all  this  water  were  utilized, 
what  horse-{H)wer  could  be  developed  i  12.  Fiml  tlit!  horse-power 
of  a  steam  engine  from  the  following  data:— Innide  diameter  of 
cylinder  l4  inches,  length  of  stroke  2  feet,  number  of  revolutions 
of  Hywheel  per  minute  100,  pres.sure  of  steain  in  Iw.ii-  r  120  lbs.  to 
the  square  inch.     No  allowance  for  wa.ste 

7  X  7  X  22  X  120  X  4  X  lUj        ^, 

"  7  X  XIOOO  ~"^  '"•' 

13.  What  is  a  machine?      What  may  a   machin.-    il..    fir  man? 

14.  Draw  a  diagram  of  a  system  of  pulleys  by  which  a  b.  y  weighing 
100  lbs.  could  raise  a  300  lb.  weight. 

15.  If  in  Fig.  54  the  distance  from  the 
fulcrum/  to  the  nail  is  |  inch  and  the 
distance  />  /  is  12  inches,  how  much 
force  is  exerted  on  the  nail  by  pulling 
20  lbs.  at  p?  16.  Explain  the  advan- 
tiige  gained  in  the  handle  of  a  pump. 
17.  Draw  a  diagrsiui  for  a  3-horse 
doubletree,  such  that  each  horse  may 
do  J  of  the  work.  18.  In  a  4-ft. 
doubletree  attached  to  the  load  by  its 
middle  point,  show  how  to  attach  the 
singletrees  that  one  horse  may  do  ^ 

more  work  than  the  other.  19.  What  class  of  lever  is  used 
when    the    hand,     jmlm    upwards,    is    raised    to    the    shoulder  ? 

20.  (1)    State    the    law    of    levers,    (2)    the    law    of    machines. 

21.  The  axle  of  a  windlass  is  6  inches  in  diameter  and  the  crank 
2  feet  long,  find  the  weight  of  the  bucket  which  may  be  raised  by 
exerting  a  force  of  50  pounds  en  the  handle  of  the  crank.  22. 
Gear  wheels  are  arranged  as  in  Fig.  50.  If  there  are  42  c()gs  in  n 
and  7  cogs  in  d,  and  the  diameter  of  c  is  0  inches,  while  that  of  b  is 
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24  inches,  find  the  force  necessary  at  /  to  raise  a  weijiht  of  1  ton  at 
»('.  Answer,  83.3  pounds.  23.  A  l>oy  who  can  push  with  a  force  of 
50  pounds,  w'shes  to  raise  a  barrel  of  salt  weighing  250  pounds  into 
a  wag(in,  a  vertical  heiglit  of  3  feet.  Find  the  lengtli  of  the  shortest 
plank  he  can  use  up  which  to  roll  the  barrel.  24.  If  in  going  up  a 
hill  a  load  of  1  t(ju  is  raised  vertically  10  ftet  in  moving  100  feet, 
how  much  must  the  horses  pull  to  keep  tiie  load  moving  ?  25.  If 
by  pulling  20  pi)unds  on  a  3-foot  lever  of  a  jackscrew  a  weight  of 
15  tons  is  raised,  how  many  threads  of  the  screw  are  there  to  the 
inch.  Answer,  (J  +  .  26.  State  the  class  (»f  lever  and  say  whether 
there  is  a  gain  of  speed  or  power  in  the  following  : — Shears,  wheel- 
barrow, nut  cracker,  sugar  tongs,  typewriter,  piano  keys  and 
hammers,  pedal  of  a  sewing  machine,  piano  or  organ. 


If 


HEAT. 

Heat,  a  Form  of  Energy.— When  a  man  is  active  and 
powerful  we  .say  he  is  full  of  enenj}/.  So  we  may 
define  eneriry  as  the  ahilify  to  do  xvork.  In  the  steam 
engine,  water  and  steam  are  used  simply  as  media 
through  which  heat  may  bt>  made  in  cause  motion,  i.e., 
to  do  work,  hence  lieat  is  a  form  of  eneigy.  There  are 
other  forms  of  energy ;  for  example  a  moving  l«ill  can 
do  work  on  anything  that  it  happens  to  strike;  an 
electric  current  can  run  a  motor.  That  heat,  motion  and 
electricity  are  all  forms  of  the  .same  thing  (energy; 
seems  evident  from  the  fact  that  one  may  l)e  changed 
into  the  other.  Heat  in  the  steam  engine  produces 
motion,  this  motion  if  transferred  to  a  dynamo  appears 
as  an  electric  current ;  again  this  current  is  changed  into 
heat  and  light  in  the  electric  lamp.  Scientists  have 
discovered  that  no  eneiy//  can  h»-  destroyed.  Energy 
may  change  from  one  form  to  another,  but  the  amount 
of  energy  in  the  universe  never  chant's. 

Sources  of  Heat.— If  a  brass  l)utton  be  rubbed  on 
a  piece  of  .soft  clcjth  it  soon  becomes  warm.  Where  did 
the  heat  couie  from  {  Similarly  a  nail  hammereil  on  an 
anvil  for  a  time  gets  hot  The  brakes  of  a  train  ns  it 
stops  at  the  station  b*'coiiU'  .so  hot  that  small  particles 
of  the  iron  fly  from  the  brakes  red  hot.  It  will  be  seen 
thai  the  source  of  heat  in  each  of  these  ca.ses  is  the 
check  in  ij  of  wot  ion  ;  that  is,  tlie  .'uergy  of  bodily  motion 
is  changed  into  the  energy  of  heat. 

Heat  is  also  derived  from  what  is  ki\i)wi\  ah  chemical 
nctinn.     For  example,  when  woofl  i,r  eo;il  burns,  un-j  uf 
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the  gases  of  the  air  unites  with  the  substances  composing 
the  wood  or  coal  and  during  this  process  lieat  is  given  off. 

The  greater  part  of  our  heat  we  receive  from  tl»e  sun. 

Effects  of  ReaX.— Change  of  Volume. 

Experiment  10. — Place  an  iron  or  brass  ro<l  12  in.  or 
15  in.  long,  as  in  Fig.  55,  a  being  a  lead  pencil  or  glass 


H££ 


m 


Fio.  55. 


rod,  to  the  end  of  which  a  tootli-pick  is  fa.stened  by 
means  of  sealing  wax.  Heat  the  rod.  Dxh^h  the  pointer 
move  ?  Why  ?  If  the  metal  rod  representn  all  solids, 
how  does  heat  affect  them  ? 

Experiment  11.— Fill  a  Florence  flask  with  water, 
push  a  cork  with  gljiss  t»b«'  through  it 
into  the  neck  so  that  water  may  rise 
into  the  tube  as  in  Fig.  5(5.  Heat  the 
Ihusk  What  is  the  effect  of  heat  on 
water?  If  water  l)e  taken  as  a  repre- 
sentative of  all  licjuids,  what  is  the  effect 
of  heat  on  li(|uicls  ? 

The  action  of  the  thermometer  is  due 
to  the  fact  that  li(|uids  expand  with 
heat.  The  lirjuid  used  is  either  mercury 
or  alcohol.  Find  out  what  you  can  al)out 
the  construction  of  a  thermometer. 

ExpKiifMKNT  12— Take  a  -Iry  Florence 
flask  with  cork  and  tube  and  invert  in 
water,  as  in  Fig.  57.      Heat  the  flask  gently.      What 
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comes  out  of  the  end  of  the  tube  through  the  water? 
Why  ?  If  air  represents  ga«es,  how  does 
heat  affect  gases  ?  Remove  the  lamp  and 
allow  the  flask  to  c(m)1.  Dogh  the  water 
rise  in  the  tube  ?  Why  ?  Could  the  ap- 
paratus of  Fig.  57  be  used  to  indicate 
changes  of  temperature  in  the  room  ?  Such 
an  arrangement  is  called  an  air  ther- 
mometer. 

From  what  you  have  learned  in  the  last 
three  experiments  say  how  heat  affects  all 
substances. 

How  are  tires  put  on  wagon  wheels  and 
on  the  wheels  of  locomotives?  Why  art; 
the  rails  of  a  railway  not  placed  close 
together?  Is  any  allowance  njade  for  expansion  in 
the  buil.ling  of  iron  bridges  ?  Why  do  telephone  and 
telegraph  wires  hum  in  cold  weather?  Is  there  any 
case  in  which  water  expands  on  cooling  ?  For  example, 
how  is  a  pail  affected  when  it  is  filled  with  water  and 
allowed  'xt  freeze  ?     Why  f 

Change  of  State.     Matter  may   exist  in  any  one  of 
three  states,  viz:— Solid,  li(|uid  or  gas. 

What  change  takes  place  wh.n  the  following  are 
heated  : — Ice,  wax,  lead,  iron  and  other  metals  ? 

Experiment  13.— Place  snow  that  is  Inginning  to  melt 
in  a  beaker.  Put  the  bulb  of  a  theniiometer  into  it  and 
take  its  temperature.  Now  heat  the  In-aker.  stirring  the 
snow  until  it  is  just  njelted.  Take  the  temperature  of 
Llie  water.  It  should  lie  tlie  same  a.s  that  of  the  snow. 
Since  the  lamp  was  giving  out  heat  to  the  contents    ' 
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the  beaker  while  the  snow  was  melting  and  no  increase 
of  temperature  was  shown  on  the  thermometer,  what 
became  of  the  lieat  gi  ven  out  by  the  lamp  ?  Evidently 
it  was  used  in  chanj^ini;  the  solid  snow  at  32°  F.  to  the 
licjuid  (water)  at  32°  F.  Such  heat  is  called  latent.  The 
heat  required  to  melt  a  pound  of  ice  would  heat  a  pound 
of  water  from  32°  F.  to  170°  F.,  or  from  0'  C.  to  80°  C, 
hence  the  latent  heat  of  ice  is  said  to  be  144  if  the 
Fahrenheit  scale  is  used,  or  80  if  estimated  by  the 
Centigrade  scale.  From  this  suggest  a  reason  for  having 
so  much  cold  weather  in  March. 

Experiment  14.— If  you  have  a  thermometer  that 
reads  above  212°  F.,  place  it  in  the  water  of  the  last 
experiment  and  apply  heat  until  the  water  has  lx)iled 
for  some  time.  At  what  temperature  did  the  water 
boil  ?  After  the  water  began  to  boil  did  the  thermometer 
show  any  further  increase  of  tcmpcraturi"  :*  If  not,  where 
was  the  heat  of  the  lamp  going  f  The  heat  retpiired  to 
change  one  jwund  of  water  at  boiling  tvinperature  to 
steam  (a  gas)  at  the  .stime  temperature  would  rai.se  966 
pounds  of  water  through  1  F.  or  537  pounds  through 
1"  C.  Why  does  it  take  so  long  a  time  foi-  a  kettle  on 
the  stove  to  l)oil  dry  !  Why  is  it  cooler  after  a  shower 
of  rain  in  the  summer  ^  Why  does  sprinkling  water  on 
the  floor  cool  a  room  f  Why  is  a  person  liable  to  take 
cold  when  not  careful  to  change  wet  clothing  :'  Why 
does  a  shower  of  snow  moderatt'  the  temperature  ;' 

Transference  of  Heat.— (1)  CondvcfioD.    If  one  end 

of  an  iron  poker  be  placed  iji  the  fire  the  other  end 
soon  becomes  wariti.  How  does  the  heat  get  from  one 
end  of  the  poker  to  the  other  f  In  answer  to  this,  it  is 
believed  that  the  small  particles  (molecules)  of  matter 
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are  m  constant  motion,  junipin^r  to  and  fro  much  the 
same  as  a  pea  in  a  pill  box  when  the  box  is  shaken 
Heat  causes  each  molecule  to  move  faster  and  to  swincr 
through  a  greater  distance.  The  molecules  of  iron  in  the 
end  of  the  poker  in  the  fire  would  have  their  motion 
mcreased.  These  would  strike  against  the  adjoinin^r 
molecules,  increasing  their  motion.  This  process  would 
go  on  until  the  hand  was  reached.  This  method  of 
transference  of  lieat  is  called  conduction. 

Is  heat  conducted  thi-ough  all  substances  at  the  same 
rate? 

Experiment  15.-Procure  rods  (,f  copper,  glass,  brass 
and  iron  of  the  s^une  size  and  length.  Place  <me  end  of 
each  in  a  Hame  as  in  Fig.  58.     Let  four  students  hold 
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tli(>  other  .-lids  and  se**  who  can  hold  lii.s  rod  for  tli.- 
greate.st  l.'iigth  of  tiiiw.  How  do  you  acco'int  for  the 
result  r  Do  all  su'hstances  conduct  with  tlic 
readineas  ? 


same 


160 


ELEMENTARY  SCIENCE. 


Ill 


Metals  conduct  heat  better  than  other  substances  and 
so  they  are  called  jjcxxl  conductors,  while  \vo<xl,  jjlass, 
wool,  snow,  air  are  classed  as  poor  conductors.  Why  is 
ice  packed  in  sawdust  or  straw  ?  Why  are  woollen 
clothes  warmer  than  cotton  i  Why  is  l(X)sely  woven 
cotton  warmer  than  hard  woven  cotton  ? 

Are  double  windows  better  than  panes  of  glass  of 
double  thickness  ?     Why  ? 

Why  are  air  spaces  left  in  walls  of  buildings  ?  Which 
is  better  to  bank  a  house,  loose  snow  or  earth?    Why? 

Why  is  it  that  when  heating  a  glass  beaker,  wire 
gauze  is  placed  between  it  and  the  flame  ? 

Why  will  a  drop  of  water  break  a  hot  lamp  glass  ? 

Iron  and  wood  in  the  room  are  at  the  same  tempera- 
ture ;  why  is  it  that  the  iron  feels  colder  than  the  wood  ? 

Why  is  it  that  the  hands  if  wet  will  stick  to  a  piece  of 
iron  on  a  frosty  day  but  they  will  not  stick  to  wood  ? 

How  is  it  that  we  are  able  to  breathe  air  at  40'  below 
zero  without  injury  to  the  mucous  membranes  of  the 
nose  and  throat  ? 

ExPEPlMf.VT  16.— Fill  a  test  tube  with  water  and 
apply  iieat  to  the  upper  end,  as  in  Fig.  59.     Does  the 
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water  in  the  lower  part  of  the  test  tuhe  tjct  Iiot  ?  Why  ? 
Is  water  a  gmai  con.hictor  ^  Pour  tlie  water  out  ami  till 
again  with  cold  water.  Place  the  bottom  of  the  test 
tulje  in  the  flame  and  notice  whetiior  the  water  at  the 
top  gets  hot.  Can  you  account  for  the  difference  in  the 
result  ?  How  is  water  heated  ? 
(2)  Convection. 

Experiment  17.— To  answer  the  last  (jue.stion,  till  a 
beaker  with  water  and  drop  a  few  grains  of  pota.sNin.m 
permanganate  or  other  .solid  coloring  matter  into  it  and 
apply  heat  as  in  Fig.  00.  Any  movt'iuent  of  color  will 
indicate  motion  in  the  watt-r.  How  is 
the  water  heated  /  The  heat  passes 
through  the  glass  by  conduction.  The 
water  on  the  bottom  of  the  ves.sel  just 
above  the  flame  is  heated.  It  expands, 
thus  becoming  lighter,  volume  for 
volume,  than  the  remainder  of  the 
water,  hence  it  ri.ses  to  the  surface  as 
a  piece  of  wood  would  do.  The  coMer 
water  flows  in  to  take  its  plac«'.  It  in 
turn  is  heate<l  and  rises,  and  this 
process  goes  on  as  long  as  the  heat 
Confection   is  the  name  given  this  process. 

Why  was  the  water  at  the  bottom  of  the  test  tube  in 
Fig.  59  not  heated  f  Why  is  the  water  at  tlie  l)ott<)m  of 
lakes  and  ponds  alwa3's  coll  '  The  water  of  the  ocean 
within  the  tropics  is  heated  only  at  the  surface  to  a  depth 
of  two  or  three  hundred  feet,  .ind  wen-  it  not  for  the 
waves  and  currents  it  doubtless  w-mld  he  }ieat<-d  for  a 
v.«ry  much  ".horter  distanoe. 

Ar>'  (jases  heated  hi/  con  nrtion  ! 
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Experiment  18. — Cover  a  wide-mouthod  plasH  jar 
with  a  piece  of  pasteboard  in  which  two  holes  have  been 

cut.  Place  a  liorlited  candle 
under  one  hole  and  cover 
eacli  l»ole  with  a  lamp  chiuuiey 
iiH  in  Fig.  61.  Hold  a  piece 
of  smoking  rag  or  brown 
paper  Hi*st  over  one  chimney 
and  then  the  other,  and  by 
watching  the  smoke,  say  if 
the  air  is  moving,  and  if  so 
in  what  direction.  How  is 
air  heated  ?  Use  the  above 
experiment  to  e.Kplain  the 
cau.se  of  wind.  What  causes  the  draught  in  a  stove? 
Why  do  many  eU)ows  in  a  stovepipe  interfere  with 
the  draught  ?  In  a  building  heated  by  hot  air,  how  is 
heat  transferred  from  the  furnace  in  the  bjusement  to  a 
person  in  a  room  up.stairs  ?  How  can  a  building  be 
heated  by  hot  water  ?  Why  can  you  always  feel  a  wind 
when  near  a  great  Mre  ?  In  severe  weather  the  draught  of 
chimneys  situated  in  outside  walls  is  often  poor.    Explain. 

(3)  Radiation.  If  the  hand  is  held  a  short  distance 
from  the  side  of  a  hot  stove,  heat  is  felt,  but  evidently 
the  heat  does  nut  reach  the  hatid  by  either  conduction  or 
convection,  for  as  .soon  as  the  air  between  the  hand  and 
the  stove  is  heated,  it  will  rise  and  other  air  will  take  its 
place.  Hence  there  nuist  be  a  third  way  by  which  heat 
is  transferred.  It  is  in  this  way  that  heat  comes  to  us 
from  the  sun.  Heat  transmitted  in  this  way  without 
heating  the  air  ur  uthcr  media  through  which  it  pusM-.'s 
is  said  to  l)e  transmitted  by  nuliafiun.     Feel  the  window- 
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pane  when  the  sun  is  shinin^r  on  it.  Does  the  heat  from 
the  sun  pass  through  tlie  ghiss  without  luxating  it  ? 

Radiant  heat  and  light  trav.l  at  tht-  enonnous  v.-locity 
of  186,400  niiies  per  second.  In  wireless  telegrapliy  the 
electric  impulses  also  have  this  velocity. 

Experiment  19.— Lay  a  piece  of  white  cloth  und  a 
piece  of  bhvck  clotli  .side  by  side  on  the  snow  in  In-ight 
sunlight.  E.xamine  the  .snow  under  them  at  the  end  of 
an  hour  and  tind  whether  the  snow  is  melted  more  under 
the  one  than  the  other 

Rough,  black  surfaces  are  good  absorlxTs  and  good 
radiators  of  heat  while  white  surfaces  and  polished 
surfaces  are  poor  absorbers  and  jxjor  i-sidiatoi-s.  From 
this  you  will  be  able  to  explain  why  :— (1)  A  white  hat  is 
cooler  for  suiiniier  wear  than  black.  (2)  Tea  keeps  hot 
^  for  a  lojig  time  in  a  polish.'.  1  silver  tea-pit.  (8)  Summer 
fallows  are  liolt.T  than  cjpen  prairie.  (4)  Black  horses 
suffer  more  froin  the  heat  than  white  horses. 

In  (3j  al)ove.  grass  is  a  good  nidiator  of  lieat,  but  in 
hot  weather  large  .|uantitifs  .>f  moisture  are  constantly 
iK'ing  evaporat.-d  fi.,m  the  })lii<l.  ui.l  the  heat  absorbed 
for  this  purpose  k.-eps  gras.sy  surfaces  cooler  than  bare 
ground  such  a.s  summer  fall.iw 

Deiv. — Warm  air  can  contain  uiore  moisture  than  cool 
air.  During  the  .lay  the  heated  air  takes  up  a  great 
deal  of  moisture.  At  night  wh.'n  the  .suidiglit  is  with- 
drawn the  grass  nuliates  the  lu-at  rapidly  and  bepom.^s 
•juickly  cooled.  The  air  iti  contact  with  it  is  co.)I.  d  so 
that  it  is  unal)le  to  hold  all  its  moisture  and  part  of  it  is 
deposit...!  ,H.  th..  coo!  ^rn^s  a-  -^-f  If  th,-  t.i.ip.ratnre 
IS  bflow  freezing  the  iiioistmv  is  frozen  while  being 
t!e|)osited  an<l  Juxir  frost  is  the  n-sult. 
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Qaestions. 

1.  Define  energy.  Nunu-  two  <>r  three  forms  of  energy.  2.  State 
the  law  of  conservation  of  energy.  3.  Wliat  chftnge  in  the  form  of 
energy  takes  place  when  (1)  a  piece  of  iron  i.s  hammered  on  an 
anvil  ?  (2)  an  electric  lamp  i.s  lightod  ?  (3)  a  bullet  strikes  an  iron 
target?  4.  What  are  the  sources  of  heat?  5.  Outline  four 
experiments  to  show  the  ettects  of  heat.  fi.  Why  does  warming 
the  neck  of  a  bottle  iiswist  in  removing  a  glass  stopper  ?  7.  A  thick 
glass  tumbler  is  often  broken  by  boiling  water,  while  there  is  little 
danger  when  the  glass  is  thin.  Explain.  8.  Why  should  a  loose 
glove  be  warmer  than  a  tight  one?  9.  Water  may  be  boiled  in  a 
|)aper  cup.  Fold  a  piece  of  paper  into  the  form  of  a  square  box 
and  try  this  experiment.  Explain  why  the  jiaper  does  not  bum. 
10.  A  strip  of  jKiper  rolled  around  a  bra.ss  cylinder  does  not  burn 
when  held  in  the  lamp  flame.  Try  the  experiment  by  placing  a 
strip  tif  j)aper  around  a  brass  50  g.  weight  if  no  better  cylinder  is 
available.  Explain.  11.  ^^hy  is  the  climate  of  islands  and 
countries  near  Lirge  bodies  of  water  less  extreme  than  countries  far 
inland?  12.  Why  is  it  necessary  to  stir  thickened  nnlk  when 
heating  to  keep  it   from   burning   to  the  bottom  of  the  vessel? 

13.  Why  are  the  walls  of  houses  built  with  one  or  more  air  spaces? 

14.  To  what  temperature  would  a  galhm  (10  lbs.)  of  ice  cold  water 
be  heated  by  the  heat  retpiired  t<)  change  1  lb.  of  boiling  water  to 
steam  ?  Answer,  53.7°  C  15.  Explain  fully  the  manner  in  which 
li<piids  become  heated.  Hi.  Outline  a  method  of  ventilating  a 
dwelling  room,  and  point  out  the  principle  on  which  your  metlKxl 
de{»end8.  17.  Why  is  ice  more  effective  for  use  in  a  refrigerator 
than  ice  cold  water  ?  18.  Ten  lbs.  of  ice  are  placed  in  a  vessel  over 
a  lamp,  at  the  same  time  9  lbs.  of  ice  cold  water  are  placed  in  a 
vessel  over  a  .similar  lamp.  Wliat  will  be  the  temperature  of  the 
water  when  the  ice  is  just  melted  I  Answer,  885°  C.  19.  Explain 
the  principle  of  the  tea-cosy.  20.  In  rmining  stovepipes  from  the 
stove  to  a  chimney  in  the  adjoining  room,  which  end  of  the 
horizontal  secti(m  should  be  higher  ?     Why  ? 
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Apparatus  roquired  to  perforin  tlip  »■ 
this  book  : — 


inients  outlined  in 


A  nest  of  three  small  beakers. 

(^ne  large  glass  jar  (Iwitterv  jar). 

Thistle  tube  or  small  funnel. 

Three  feet  of  rubl)er  tubing  (j*,  in.  diameter). 

Sheet  of  thin  rubber — '^  in.  sijuare. 

Sixteen-ounee  bottle  (Mat). 

Small  test  t!il)e  or  pill  bottle. 

Half  dozen  test  tubes  (3,  4,  •")  and  6  inrhes). 

Four  small  bra.s:>  pulleys  (|  in.  diameter). 

Three-foot  rule  (for  lever). 

Two  spi-ing  balances  (64  o/..). 

One  pulley  and  axle. 

Set  of  gear  wheels. 

Smiill  wagon. 

Vise  or  bolt  and  nut. 

Three-«Mghth  in.  inm  rod  (round),  1.")  in.  long. 

Florence  flask  (S  oz.). 

Two  rubber  stoppers  (solid,  ^  in.  and  ;,'  in.). 

Two  rubln'r  .stopp.  rs  (one  hole,  .',  in.  and  ^  in.). 

One  alcohol  lamp. 

One  pint  methylated  spirits. 

Half-pound  soft  glass  tubing,  assorted  sizes,  ^  in.  to 
\  in.  outside  diameter. 

Retort  stand  and  two  ritigs. 
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Thermometer  for   high   temperatures — reading   above 

212°  F. 
One  brass  i-od — diameter  \  in.,  length  5  in. 
One  iron  rod— diameter  \  in.,  length  5  in. 
One  copper  rod — diameter  \  in.,  length  5  in. 
One  glass  ro<l  (solid) — diameter  \  in.,  length  5  in. 
Two  lamp  chimneys. 
W«K>flen  box  with  one  side  glass  8  in.   x   3  in.   x  3  in., 

2  holes  in  top  over  which  to  .set  the  lamp  chimneys. 

Small  air  pump. 

Bell  jar.  I 

Barometer  tube. 

Two  pounds  of  mercury. 

Model  of  common  pump  (glass). 

Set  of  weights. 

Metre  stick. 

Claw  hammer. 

Small  saw. 

A  few  gimlet  bits  (gimlet  to  J  in.  size). 

Jack  plane. 

Small  oil  stone. 

Screw-<1  liver. 

Square  (small). 

Two  or  three  chisels  ( J  in.  to  I  in.  size). 

Small  combination  vise  and  anviL 


ve 


ti., 
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